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Angarna. Kazipri 3amaHfbl MallWHa acay eHAipiciHfe eHIMAepAiH ceHiMAiiri
MeH OepiKTiri kebiHece oslapAblH GeTKi KabaTbIHBIH calacblHa GAMJIAHBICTBI KOHE
OyJ1 GeJieKkTep/iH 6€TKI MUKpPOTeOMeTPUSIChIH KaKcapTyMeH KaTap, 6eTki Kabart-
TBIH, KYPbIJIbIMbIH, GU3MKa-MeXaHUKaJbIK KaCUeTTEPIH XoHe KepHeyi KyHiH JyphIC
OaFbITTa ©3repTeTiH 6HJIey 9AiCTepiH KOJIaHYy KaXKeTTiriH Tyabipaabl. Makanazaa
KaTThl *)KoHe cepmiM/i yTikTey/i 6ipikTipeTiH koHe O6eJilieKTep/iH, 6eTKi KabaTbIHbIH,
camna napaMeTpJiepiH }KaH-)KaKTbl KaMTaMachI3 eTyre MYMKiHZik 6epeTiH 6eTTik mnJa-
CTUKaJBIK AedopMallUsHbIH apajac afjici 3epTTesred. KaTTol cepnimM/i yTiKTey yuIiH
6ipikTipisreH KypaJs/bl )xoHe YTiKTey Ke3iH/e GepijiireH KepHey/i aBTOMATThI TYp/e
KaMTaMachlI3 eTy XKYyieciH nailfjajaHy MyMKIiHZiKTepi KapacTbIpbLIFaH. YTIKTEY Ke3iH-
Jle GepijireH KepHeyZi aBTOMATTbl KAMTaMachl3 eTy >XyiheciH maijajaHy npouecTiH
KyaT mapaMeTpJiepiH »KOFaphl A3JIiKIEH peTTeyre MyMKiHJiK G6epeni. KyMBbICTbIH,
NpaKTHKaJIbIK MIHI-KaTThl cepHiM/i yTiKTey HaTHxKeciHJe 6eTKi KabaTTa 6ipTeKkTi
TBIFbI3 KATaUTBbLIFAaH KabaTbl 0ap MUKPOKYPBLIBIM Maijia 60JIbIM, KOJaWabl JOFal
nimiHHig 6eTki KeAip-OyAbIpbIHbIH, TYPaKTbl NPOQU/IiH KaJbIITACThIPaJbl KoHE
6eJikTiH 6eTKi KabaTbIHbIH TO3yfa TO3iMAiMIri MeH OHBIH AYPbIC F€OMETPUSJIBIK
MilIiHIiH KaMTaMachI3 eTe/|.

Makanagarel 3epTtTey KaszakcraH Pecny6sukacbl FblibIiM K9He KOFapbl 6ilim
MUHHUCTPJIriHiH FlIBIM KOMUTETI KapKblIaHAbIPAaTbIH "BajKbIThIIATHIH G6JIIIEK-
Tep/liH, KepHeyJi-gepopMalysajaHFaH Kall-KyliH 3epTTey KoHe o0Jap/blH, O6eTTik
MJIACTUKAJIBIK AepopMaius mpolecTepineri aepopmanusiapblH TOMEHAETY 9iCiH
azipsaey” AP19680395 xobackl wieHOepiHJe NMpobJyeManblK MacesesepAi llemyre
OaFbITTaJIFAH.
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Beawexmepdiy 6emki KabamuiHbIH cana hapamempJ/epiH apaaac apaey-kamaiimy eHdeydi UHHO8AYUSI/IbIK
adicimeH keweHOI KAMMAMACbi3 emy

Kipicne

3amMaHay4 MallKWHa Kacay eHiM/epi y3aK Mep3iM/ii nania/laHy *KaFAaublH/ia, OHBIH, ilIiH/Ie
YKOFaphbl XKYKTeMeJiep, TeMIlepaTypa XKblJ1JaM/bIFbl, a0pa3uBTi )KoHe arpecCUBTi opTalap/iblH
60J1ybI CUSIKThI 9KCTPEMaJIbl KaFjaiiiap/ia MalllMHa/Iap MeH MeXaHU3M/IePAiH CeHiMi >KyMbIC
KabisieTiH KaMTaMachI3 eTyi Kepek. COHZIBIKTAH >ayalTbl MaKcaTTaFbl YiKeJlic TyHiHJepiHiH,
MaTepua/lapblHa TO3yFfa TO3IMJINIK, YHKeJiCKe Kapcbl KacUeTTep, KaHacy >KyKTeMmeJiepi
Ke3iHJe aepopManusara Kapchl TYpy KabijeTi, bICTBIK IEH KOPPO3UsAFa TO3IM/iNIiK 60MbIHILIA
»KOFapbl TajanTap KOMWbLIa/bl.

[laiijasaHy KacueTTepiHiH >KOFapblLiaybl Kasipri 3aMaHfbl OGeJilleKTepAi »kacay YILUiH
KOJIIaHbLIAThIH MaTepuaiJapAblH OeTKi KabaTbIMeH KaMTamachi3 eTinyi kepek [1-2].
BeusiiekTepaiy ceHiMiIiri MeH 6epikTiri kebiHece 6eTKi KabaTTapAblH canacblHa 6aM/IaHbICTHI.
Bys1 MeTasniblH 6eTKi KabaThl €H, KOIl )KYKTeJITeHAiriMeH »aHe 06JILIEeKTiH 1apiiay 6epikTirine
Tepic oacep eTeTiH KyYpbUIBIMABIK, TEXHOJIOTUSJIBIK >KoHe INaWJa/aHy KepHey KOHLEHT-
paTopJiapblHbIH, TaChIMa/AAyLIbIChl OOJIbIN TabbLIATbIHABIFbIMEH TyciHAipineai. [lapiay
OepikTiri MeH TO3yfa TO3IMJUIINIH apTThIPy YIUiH OeJIlIeKTiH 6eTKi MUKpOreoMeTpUSCHIH
»KaKCapTyMeH KaTap 6eTKi KabaTTblH KYpPbLIbIMbIH, (pU3HUKA-MeXaHUKaJbIK KAcUeTTepiH
»K9He KepHeyJli KyH/li KaXKeTTi 6aFbITTa ©3repTeTiH 6H/eY 9/icTepiH Ko/AaHy Kepek. MalirHa
OeJiLIEKTePiHiH NaiAasaHy KacUeTiH apTThIPY/blH THIM/i 9JlicTepiHiH 6ipi - 6eTTik niacTrka-
JblK fepopmanusmed (BII/1) apsey xaHe KaTaiTy. Bys1 aznicneH eHJiey Ke3iH/Je 6€TTiH MUHU-
MaJiibl KeZip-Oy/ibIpbIHA KOJI YKETKIi3y *koHe 6eTKi KabaTThbIH PpH3UKa-MeXaHHUKaAJbIK KacHeT-
TepiH kKaKcapTy KaMTamacbI3 eTineni. bipak engipicke BII/| apiciMeH eslieMik-apJiey »KoHe
KaTaWTa eHJIeyAi KeHiHeH eHri3yre 6ailJlaHbICThI, 6eTTep/i Kecy *koHe BII/[-MeH Gipre eHjey
dAiicTepiH »kacay epekile MaHpI3fa He. Bys 6ip Me3rinje WUleKkTey KoHe WJIEKTey HeMece
YTiKTey apKblLibl Kecy/Ji eHJeyre MyMKiHJIK Oepei. ATajMblll aficTep 6eTKi KabaTThIH
HaHOKYPbUIbIM/IbIK KYWiH KoHe CyOMUKpopesbediH KaJbIITACThIPaAbl XKoHe /131 6eJIeKTepAi
CepHUsJIbIK, 6HJipy/le Maija/aHy KacHeTTepiHiH ecejieHeH ecCyiH KaMmTamachi3 eTefi [3-5].
CoH/ibIKTaH, OeTTiK IJIaCTUKaJBIK AedopMalUsIMEH 9pJiey >KoHe KAaTauTy Ke3diHJe apasac
KypasiapAbl KoJIaHy, 93ipJiey *KoHe XKeT1Aipy Macesiesepi Kasipri 3aMaHfbl MalllMHa »Kacay
eH/ipiciHZle aca e3eKTi. OWTKeHI MyHJal eHJey onepauusiaapAbl OipiKTipy apKblibl eHOeK
ChIABIM/IBLIBIFbIHBIH AU TApJIbIKTal TOMEH/IeYiH /i€, H1e/1eTiH b6eJleKTep/iH 6eTKi KaOaThIHbIH,
»KOFapbl camnacblH Jla KaMTamachbi3 eTeni. Terictey - OesllekTepZi OeTTIK MJacTUKaJbIK
JlebopMalMsiMeH apJiey KoHe KaTaWuTy 9/ici, 01 eHAes1eTiH 6eTTi OHbIH, YCTiHEH KbLIXKbIMaJIbl
VMHJEHTOpMeH JedopManusiay/ad Typajbl. KosaHblIaTbIH KbICBIMHBIH, HOTHXKeCiHe OeTKi
KabaTTap/blH KaTalobl XXoHe TO3yFa Te3iMAiIIri kaFblHaH KoJIaiJibl 6eTKi pesbedTiH maiaa
60J1ybl, aTall aUTKAaHAa OEeTTiH TericTesareH 6yAbip/bl npodui naija 6oaazbl.

Terictey ke3sinzie eHJesnreH 6eTTiH KeJip-OyAbIpJbIFbIHbIH, OWIKTIK NapaMeTpJiepi
KebiHece KypaJsAblH >KYMbICbIHA OalJlaHbICTbl, OYJ TericTey MNpOLeCiHiH ©HIMAIIriH
TeMeHJeTeAi. OcbLialiia, KJIaCcCUKAJbIK TETiCTeylITepMeH eHJey Ke3iHje 6eTKi KabaTThIH,
MUKPOKATTBLIBIFbIHBIH, KaJJAbIK KbICy KepHeyJepiHiH oHe TericTteqreH OeTTiH Kejip-
Oy/ZIbIpJIBIFbIHBIH, OMIKTIK mNapaMeTpJepiHiH OepisireH MaHJAepiH KaMTaMachl3 €Ty VIUiH
9pKallaH YTiKTeyAiH Mccabl lapTTapskl i3gecTipiieni.
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3epTTey daicrepi

Ocbl MakcaT Gesrisii 6ip HmpaKTHUKaJbIK KbI3bIFYIIBLIBIKTBIH, KaTaH CepHiMJi Terictey
diCIH KoJIJaHy OOMBbIHIIA WHHOBALMAJIBIK TEXHOJIOTUAJBIK IIeniM O00J/bll Tabblia/bl.
OlTKeHI OeJieKkTepAi eki KypajiMeH (HeMece YTiKTey OacbiMeH) O6eTTiK MJACTHUKAJBIK
JebopManMsiMeH apJiey )KoHe eH/Jley 0eJIiriHiH 6eTiHe ChIpFbIN KETETIH cepniM/Ai TyhpeyillneH
eKi KypaJMeH (HeMece yTikTey 6acblMeH) 6HJey 9ici peTiHze, cepniMAi Tyipeyil mbIHAAp
60MbIMeH eTeAi 6eTiHiH KeAip-OyAbIpJbIK Npodusi, KaTTbl OeKiTijieTiH HWHJeHTaToOpAaH
Ty3isreH [6,7]. UHAeHTOpABIH cepniMai 6ekiTisiyiMeH TericTeyillTi eki peT KosiaHy (eki eTy
YILIiH TericTey) 6esrii 6ip xaFgaiiapAa HAaHOKYPbLIbIM/ bl 6HJeyTe aKesei. KaTTbl cepnimai
Tericrey ywiH l-cypeTTe THIMAI KaTThbl - ceplniMJi TericTeyilITiH apajiac KOHCTPYKLUACHI
KOpCeTUIreH. OpJiey-KaTauTy eHJeyre apHaJfaH KypaMa KypaJiJiblH KOHCTPYKLMAChbI MbIHaJjan
3JleMeHTTepAi KaMTU/ibl: 1 cenapaTop, 2 map, 3 MOUBbIHTIpeK, 4 ock, 5 ycTaFblll, 6 6ypaHza, 7
e3ekK, 8 cepinne, 9 6ypaHaa, ungentop 10, 11 6ypanga, 12 6ypanga, 13 ralika, 14 KbI3gblpy
asieMeHTi, 15 BosibTMeTp, TpaHchopmaTop 16. Ockliaiiiia, MHAEHTOP MeH 66JliK apachiH/AaFbl
KaTaH KMHeMaTHUKaJblK 6al/JaHbIC KAMTaMachl3 eTiJjie/li, aJl MJacTUHA MeH 66Jl1iK apachlHZA
cepnim/ii KHHeMaTHKaJIbIK 6ailJlaHbIC OPHbBIFA/Ibl.

MeTann 6eTiH KaTThl cepniMai yTiktey ke3inge Ra = 0,02-0,1 MkM 6eTiHiH KeZip-OyabIp
napaMeTpi KaMTaMachI3 eTijie/li; KaTaUThIJIFAH KAOAaTThIH TepeHAiri 0,2 MM-re feiliH; 6ipiHmIi
TUIITET] KaaablK Kbicy kepHeysepi 200 MIla-gan acagpl; 6eTKi KabaTTblH, MUKPOKATThIJIbIFbI
4000 MIla-paH acaaw! (cepnimzi 6ekiTymeH uHAeHTOpAbl Ra = 0,01 MKM-re AeliH XeTKi3y
Ke3iH/ie; opTallla, HAKThl MOHAep 6HJe/eTiH MaTepUuaslJlaH eHAipiiireH).

Kos1aitsibl KyHTipT niliHAi 6eTTiH KeAip-0yAbIPJIbIFbIHBIH TYPAKThI TPOdUJIi KabIITaca/bl,
6ipTeKTi KaTaUThLIFaH KA0aTThIH CyOCTpaThIHAAFbI YKOFAPFbI ThIFbI3 OipTEKTI KaTaWTbLIFaH
KabaT 6eTi aliHa Topi3Ai *KbLIThIPFa Ue 6oJiaZbl. KaTThl cepnimMai Terictey 6asy 6ypanyaaH
KeWiHTI KeJieci aybICy apKblibl XKy3ere acblpblia/ibl. AnibIMeH 6eTi UHJEHTATOPAbl KATThI
6ekiTeTiH KypaJMeH TericTesnefi (KaTTbl Terictey; oMb6eban CTaHOKTapJa HeMece CaH/bIK
6argapsiaMasiblK 6ackapbuiaTblH  (CBB) craHokTapaa kojajaHbLIFaH >keH. OcblLiaiiia,
O6ypasiyiaH KeliH 60J1ybl MYMKIH TOJIKbIH KoWbl1a/bl [8,9]. CBEB cTaHOKTapbIHAaFbl KEpHEYAI
JloJIpeTTey YIIiH CEHCOP KOJIAAaHbLIa/ibl, OHbIH JUCKPETTI CUTHa/Ibl aBTOMAaTHKa KOHTPOJIJIEPiHE
Tyceni. CeHcop KypaJsira GekiTisiefji HeMece eHrizdisiefi. Ocblialiia UHJAEHTOPAbIH, OOJIIKTI
(koOpZAMHATTHI) TYPTY CITI aHBIKTAJNaAbl, AFHU "HeJJIK co3bL1y". Paguycel 3 MM-re aeliHri
WHJEHTOP KoJJaHblI1a/bl. By afmaiaa 6eJikTiH 6eTKi KabaTbhl KaTaWThLIbIN, aj/blH-a/a
Keaip-6yablp nmanaa 6osaabl. CoaH KeliH 6eJiKTiH 6eTi cepniMi MHAEeHTATOPAbl 6eKiTeTiH
KypasiMeH yTikTeJsieai (cepnimzai yTiktey), Mmbicaubl, Cogsdill DB-3 Diamond Burnishing Tool
KYpaJibl, Heri3ri Tasan — yTiKTey KOHAbIPFbIChI KQXXeTTI 6Hey AaJIAIrH KaMTaMachkl3 eTe/l
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Cyper 1. KaTThl - cepnimMai TericreyiluTiH, KOHCTPYKLHACHI

WuaeHTOpABI KbICY KYLIi CTAaHOKTaH ThIC peTTesefi. CofaH KeliH 6ackapy Oarap/iaMacbiHa
TericTey yiliH KOOPAWHATThI OPHATY/AA TapeJsKa KecTeci KoJIJaHbLIaibl (MHAEHTOPAbI EHTi3y
MeJiiepi - Terictey kyiui). Tericteyim anzpiH-ana keaip-6yabip npodusiHeH eTin, Ra aabiH-
asia KeAip-OyAblp mapaMeTpiH OapbiHIIA a3alTaJbl >KoHe O6JIEeKTiH 0eTKi KabaTbIHbIH,
MUKPOKYPBLJIBIMBIH KaJIbINITACThIpaAbl. Pafiuycel 3 MM-/ieH acaTblH UHJEHTOP KOJIJAHbLIabl
(y/ikeH paguycrta TerictenreH Ra 6eTiHiH Keaip-6y/iblp mapamMeTpi a3 60/1a/bl).

TokapJibIK-peBo/ibBEp TOOBIHJAFBI KOJibey KepeyeTi 6ap eki kanubpsai Cbb craHoreiHzaa
(nemece HYPER QUADREX 250 MSY «Mazak» >xoHe yKcac abAbIKTap) 6ip KaTThl KoHe
cepniM/Ji TericTeyiliTep/i KoJaaHfaH *keH. bys peTTe cepnimai Tericteyim keaip-0yAbipAbl
OapblHIIA TericTey YVIliH Tericteyimrtepzid 6epinyi TeH 6oJsiFaH Ke3/e, GONJIBIK Oepy/liH,
YKApTBICBIHbIH, €ceJIeHTreH LIaMachlHa (TaK CaHJAap) KAaTThbl TericTeyillke KaTbICTbl KbICYbl
THic. UHJ|eHTOp MeH MJ1acThHA 6ip-6ipiHiH apaKallbIKThIFbIH/]A CTAHOK OPTaJIbIKTapbIHbIH, OCi
6aFbIThIH/|a OpPHAJACKAHABIKTAH, UHAEHTOp/laH Naija 60/FaH 6eTTiH KeZip-0y/bIpJbIFbIHbIH,
OMiKTiK mapameTpJiepi 4 ecere AeliH a3asibl. OUTKeH] JIaCTUHA UH/EHTOP/IaH Naija 60/FaH
0eTTiH KeJip-6yblp MpodUIiHiH IBIFBIHKBI 66JliriHeH eTefi (0yJ1 )XyMbIC 6epyiH TaHAAyMeH
KaMTaMachbI3 eTisiefii). bBesiekTi eHJey KesiHJe-)KyMbIC Oepyzeri alHany [JeHeJsepi,
aJibIMEH WHJEHTOPMEH KAaTThl TEricTey apKblibl 06JIIKTiH 0eTKi KabaTbIHbIH, MaKCUMaJl/bl
MUKPOKATTBLIbIFbI 2K9HE KaJI/IbIK, KbICY KEPHEYJIEPi, COHal-aK bacTanKpl KeAip-06yAblp, cofaH
KeWiH MJaCTUHAaMeH CepliM/li Tericrey HaHOMETPJIK JAUana3oH/aFbl 06JliKk OeTiHiH KeJip-
OY/bIPbIH XK9HEe 60eTKi KabaTTbhIH KA0AaTThl MUKPOKYPbIJIbIMBIH KaJbIITACTbIPA/Ibl.
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HGTI/I)KeJ'[ep K9HE TaJIKblJIdy

Bys1 KypasiiblH KOHCTPYKLHUSCHI 3JIEMEHTTEp/iH 9pTyp/i pasuycTapbl eceGiHEH >KayamlThbl
OeJliKTepAiH *XyMbIC 6eTTepi 6eTKi KabaTbIHbIH, calla MapaMeTpJiePiH KaH-KaKTbl KaMTaMachbl3
eTyre MyMKiH/iK Gepefii: MHEHTOp MJACTUHAJAH a3 pajuycThl ajybl Kepek. KaTTbl cepnimai
TericTeyillTi KoJsilaHy TaxKipubeci 66siKTiH OeTiHJe ThIFbI3, OIPTEKTI KaTalTy KabaThl nmaiza
6oJsiaTbIHbIH KepceTTi. ComaH KeMiH oJ1 GeJllieKTep/iH >XOFapbl GHIMAIIK KacueTTepiH
KaMTaMachI3 eTeTiH reTeporeH/ii KaTaUThLJIFaH KabaTKa eTe/i. beTki KabaTTa KaTThl cepmim/i
TericTey HoTHXKeCiH/le 6ipTeKTi ThIFbI3 KATAUThLIFAH KabaThbl 6ap MUKPOKYPbLIbIM KaJIbITITACa bl
(cepnimzAi 6ekiTyMeH TericTey apKblibl KaJblITaca/ibl; KATThI OeKiTIeci 6ap UHAEHTOPMEH TeTic-
TeJTeHHEH KeHliH MaTepuasiblH IJIaCTUKAIBIK AedopMalschl 66JIKTIH eJillieMiH e3repTyre
dKeJIeTIH/IIKTeH, cepniM/Ai 6ekiTneci 6ap uHAeHTOD YiliH "0" 6eTiH aHbIKTay[a CTAaHOKTHI 6anTay
MiHJETTi 6OJIbIN TaObLIA/bI; CHIFbIMAAY KYIIi GipTEKTI KaTalUTblIFaH KA0ATThl KaJbIITACThIPY
YIIiH KakeT 6oJiaTbIHJAM  cepmiM/li WUHJEHTOP aJiiblH-aja KeJip-OyAbIpAbIH, IIbIHAAPbIH
TEeriCTeIl, OHbI TOJIbIFBIMEH "KBbIPThIN" a/IMaybl KepPeK, IFHU, erep KaKeTTi KYLITEeH achlll KeTce -
"aHa" Keip-6yApIp nanaa 60J1a4bl, a1 erep Kyil a3 60Jica-Ken KabaTTbl MUKPOKYPBLJIbIM Makaa
60J1Maiibl; GipiHLII KybIKTayAa Oesriji 6ip MaTepuas/pl TEricTey Ke3iHJe TericTey pexumi
YILiH KYLITiH »KOFapFbl MoHiHe Ha3ap ayAapy Kepek), oJ1 KaTaUTbLIFaH OipKeJiKi eMec KabaTKa
eTe/li (KaTThl 6eKITY apKbLIbI TeTicTey KajibinTaca/bl); Ra < 0,1 MkM 6euiri 6eTiHiH KeAip-0yAbIp
napaMeTpiHe KoJI xkKeTKi3ziseai. OcbLiaiiiia, 6eJ1iKTiH 6eTKi KabaTbIHBIH TO3yFa TO3IMAIIIr xKoHe
OHBIH AYPbIC TeOMETPHUAJBIK, ITiLIiHI KAMTaMachI3 eTiies;.

BeTki Oy3blaynapblH JedopMalUsaChIH XoHe YTIiKTeJNreH O0eTTiH manWjaa 60Jy NMpoleciH
3epTTey YLUiH eHJe/reH 6eTTeH 6acTanKbl 0eTKe 6Ty OpbIHAAPbIHbIH MPOPUIIb/epi a/bIHbII
Tactanzsl (2 cyper).

A b r B

A - TericTrenreH 6eT; b - eHfesieTiH 6eTTiH YTiKTey KypaJIbIHBIH KYMbIC 6€TiMEH KaHaCy y4acCKeci;
B - yTikTey Kypa/ibIMeH KeTepilreH 6acTankbl 6eTTiH y4ackeci; [' - 6yMbIMHBIH 6acTankbl 6eTi

2 cypet. TutaH HUTpHUAiMeH KanTaaraH TiN 6eJeKTiH )KyMbIc 6eTi npoduiorpaMmmachl:
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AnbiHFaH npodub 6aFAap/aMa apKblibl LUdpaaHAbIPbLIAbLL. AJbIHFAaH MaJiiMeTTep Excel
3JIEKTPOH/BIK, KiTaObIHBIH NapaFblHa OpHa/IACTBIPBLIABI, COJAH KeWiH OeTTep/iH Kezip-
O6yabipablFbl ecenTesnfi. ’Kymbic 6eTTepiHiH Rz keZip-OyAbIpJBIFbIH 6Jillley HaTHXKeJiepi
KecTe/ie KepceTi/IreH.

1 kecre. TericTesreH »xoHe TericTesMereH »kyMmbic 6eTi TiN >kabbiHbl 6ap OeJiekTep Rz keaip-

Oy bIPbIH 6JIllIey HOTHXKeepi

[Ipodorpamma Herizz. Tik Max, MM 6ap 6ec HYK- | Min, MM 6ap 6ec HYK- Rz kenip
y4yackesepi Y3bIH/IbIFbI YIFAUTY | TeHiH opJUHATTaphI TeHiH OyAbIp
Op/IMHATTaphI napameTpi,
MM

Yyacke T 0,8 10x10% | 27,2; 27,2; 11,6; 7,6; 14; 1,48x10-3
26,5;26,3;26,7 13,7; 13

Yuacke A 0,8 10x10% | 8,2;8,0;7,9;8, 5;5,4;5,7;6,4;5,5 0,24 x10-3
2;7,7.

AnmMas KypasJilapbIMeH TeTiCTeJIreHHEH KeUiH GeTTiH KeZip-Oy/JbIpJIbIFbIH 3epTTey >KOFaphl
KaTTblIbIKKa (HRC 62...64) neliiH KaTalThl/IFaH, )K0Fapbl 6epikTiri 6ap TiN xa6bIHAbI 2KOFaPHI
KbUIAAMABIKTBl OoJlaTTap OeTTiK MJacTUKaJIbIK AepopMalUsiFa aKChl Kayanl OepeTiHiH
KepceTTi, OyJ Ke3/ie OeTTiH KeJip-O0y/ibIp/IbIFbl KYPT TOMeH/ e/ :xoHe OeJllieKTepAiH 6eTKi
KabaTbl KaTas bl.

AnMa3zfbl TericTey KeJieci pexKMM/IEPMEH KYy3ere acblpblIbl: 6HJeY KblagaMabiFbl V = 20
M/MuH; 6epy - S = 0,05 mm/aliH; paauangbl kym P =180 H. OHgey yuliH UMAMHAPIIIK )KYMbIC
6eTi 6ap KypaJ KongaHbiAbl RI =1 MM. TiN To3yFa Te3iM/i >kabbIHbI 6ap 3epTTeseTiH »KOFaphI
KbLIIAMABIKTbI 60/1aT yiIiH 6ys1 KoMOouHanusg R = 1 MM kesinge 160..210 H alimarbiHga
opHasiacKaH. llaFblH KaJbIHJbIKTAFbI Ka0bIHAAPABI YTiKTEY Ke3iHnge (2-10 MKM) pajuasibl
KYILITiH OHTaNJ/Ibl MOHIMEH Ca/IbICThIPFaH/Ia Il1aMaJibl )KOFapbliaybl 6alaHbIC KepHEYIi iJliHicy
OepiKTiriHiH maMacblHaH acblll KeTyiHe GalJIaHbICThbl KeJip-0yAbIpAblH, KYpPT TOMeH/eyiHe
»K9He KaObIHHBIH, KaObIpLIaKTaHybIHA 9KeJyi MyMKIH.

Ocbliaiiiia, TUTAaH HUTPUAI OeJiriHiH 6eTiH yTikTey Ke3iHJe oHTaiJbl P Kyl HerisiHeH
»KaObIHHBIH, KaJbIHAbIFbIHA, HETi3 MeH XabblH MaTepHa/JapblHbIH (U3NKa-MeXaHUKaJbIK
KacheTTepiHe XoHe OJIapAblH, aJire3usiCbIHbIH, 6epikTirine 6aisaHbIcThl. R = 1 MM Ke3iHae
P paguanabl KyuiHiH KeAip-OyAblpJaapAblH, OUiKTiriHe acepi 3 cypeTrTteri rpapukTepmMeH
KepceTiireH. Yiariziep/ii eHaey TokapJblK cTaHokTa 0,05 MKM/aiiH. 6epijiic apKblJbl Ky3ere
acbIpbLIJbI.
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6osiaT P6MS5 xab6biHbI TiN
(>kyMblIc 6eTiHiH nilwiHi 6ap anMas Terictey KypaJsbl paguychl R = 1 MM quanHap;
S=0,05 MM / aitH)
3 cyper. P paguanabl KyIITiH 6HJeJIreH 6eTTiH KeJip-0yAbIpbIHA dCePi:

OHpesireH 6eTTiH KeJjip-0yAbIpbiHa S 6Gepistic MeJepi ailTapibIiKTal acep eTefi. OHTaNIbI
6episic MaHi Gepisic KO3FabIChl OAFBITBIHAAFBI MJIACTUKAJBIK 0AaChIN LIbIFApPy MeJiliepiHe
6aisaHbICcThI. S = 0,25 MKM/aliH. 6epiny Ke3iHJe KeJlip-OyAbIp/iblH MUHUMAJI/Ibl MOHiIHE KOJI
KeTKi3ine/i. A3bIKTaH/bIPY MeJILIEepPiHiH 0/laH api TeMeH/eyi Keip OyAbIpFa a3 acep eTefi

Toxxipubesiep KepceTKeH/el, Heri3ri Ko3FaJibIC XKbLIJJaM/IbIFbl YTiKTeJAreH OeTTiH Kejip-
OyAbIpblHA acep eTneifi. Anaijia, KypaajJblH cepniMAi OekiTisiyiMeH Je, JalblHJaMaHbIH,
paauvan bl COKKbIChI KeJlip-OyblpFa auTap/bIKTal acep eTei.

AliTa KeTy Kepek, KJIAaCCUKaJblK UHJEHTOpPMEH IJIaCTUHA TYpiHJe YTIKTereH/e, OHBIH
KYMbIC OeTi pajuycrneH eHi OoiblHIIA NpPOoQUbJEHTeH Ke3je, OeJlIeKTepAiH - alHaldy
JleHeJlepiHiH, caTbLibl OeTTepiH TOJIBIFbIMEH YTiKTey MYMKiH eMec. OWTKeHi cdepasblk
WHJEHTOD YTiKTeJreH 6eTKe ipresiec caTbIHbIH, COHbIHA TYCe[i *K9HEe Y3bIH/IbIFbl UH/JEHTOP
MeH IJIaCTUHA apacblHJarbl KAUIBIKTBIKKA TeH, O0JIaThIH aliMaK YTiKTeJMereH KyWiHze
KaJjajbl. BesekTepaiH - alHajly JeHeJsepiHiH caTblibl GeTTEpiH TOJIBIFBIMEH YTiKTey
MYMKIHZITIH ICKe acblpy YIUiH UHAEHTOP/AB! IIJIaCTUHA TYPiHJAEe KOJILaHY YCbIHbIIA/bl, OHBIH,
’KYMbIC 6€Ti MJIaCTUHAHbIH, KaJIbIH/JbIFbl OOWbBIHIIA PaJUyCleH KOChIMIIA NPOdUJIbJEeHE].
YTiKkTey Ke3iHJeri co3blly TeK OHJaFaH MHUKPOMETp OOJIFaHJABbIKTaH, OHbl OpHATYyJAaFbl
JIDJIJIIK YTiKTey/leH KelliH a/ibIHFaH 66J1iKTiH 6eTKi KabaTbIHbIH, callacblH aHbIKTaUbl. [leMek,
Kypa/iZibl "HeJJiK" KepHeyre (bepijireH KepHey MoHiHiH aHbIKTaMaJlblK, HYKTecCi) 6anTay/blH,
Heri3ri MaHi 6ap, oHbl CBb TokapJiblK cTaHOKTap/ia KeJseci »K0JIMeH Ky3ere acblpyfa 60J1a/ibl
(4 cyper).
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1 - jaiibIHAAMaHbIH KypaJIMeH XXaHacy CEHCOPhI; 2 - 6episic xeTeriHiH aTKapyibl 3JIEKTP

KO3FaJITKBIIIBI; 3 - THPUCTOPJIBIK TYPJIeHiprill, 4 - 6epijiic )keTeriHiH *KaFaaibl 60UbIHIIA
Kepi 6aiyaHbIc ceHcophl, 5 - CBB KypbIIFbICH]; 6 - 3JIEKTP aBTOMATHUKA KOHTPOJLIEPi; 7 - 3J1eKTp
YKeTeKTepiHiH KOHTpoJLIepi; 8 - nallbiHgamMa
4 cypeT. BepijsireH KepHeyAi aBTOMATThI TYPA€E KaMTaMachI3 eTy »KyHeci:

BepisireH KepHey/ii aBTOMaTThl Typ/Zle KAMTaMachI3 eTy KyHeci KeJiecifier »KyMbIC iCTenzi:
b6ackapy OafjapsiaMacblHZA 6HJeJIeTiH JaublHJaMara >XblIJaM >KYpiC KbLIJaM/JbIFbIMEH
KypaJiJiblH COKKbIChI3 XXeTeri 8-7ieH AalibiHZjlaMaHblH, 6eTiHeH X KoopAUHaTackl 60MbIHIIA A =
0,2 - 0,1 MM m1aMachlHa JleHiHTi HYKTere AeuiH 6epineni. Opi Kapau, 6ackapy 6afraapJsiaMacbliHAA
A-naH acaTblH A3aj KemisiJleHAipiireH apTKbl XKaFblHa MUHUMaJZbl OepisicneH X 60MbIHIIA
KbIJDKY Oepisiefii. 7 IIeKTp KeTeriHiH KoHTpoJiepi ThicTi Ubep. curHasibiH Kypauibl. Kocysibl
TUPUCTOPJIBIK TYpJaeHAiprili 3 KoopJHUHaTachl OoMbIHIIA X. Oepisic »KeTeriHiH 3/JeKTp
KO3FaJITKbILIbl 2 Oepi/ireH KO3FaJbICThl OpbIHJAM OacTtaifbl. bys perTe OepisreH OpbIH
aybICTBIPY/ibl )KOHE OHbIH Kepi 6aiiaHbIc apHachl apKpLibl 4 (Uk6) kepi 6aiiiaHbIC CEHCOPbIHAH
aJIbIHFaH HAaKThl MOHHIH Ca/IbICTBIPY OPBIH anafbl. COHbIMEH KaTap, *kaHacy CEHCOPBIHBIH, KYUi
Tekcepisiezi 1. Ou1 yuIiH ceHCcOopFa cayasiHaMa Kyprisizieii HeMece XKYWeHIH *XOFaphbl [J1/iriHe
KOJI )KETKIi31JIeTiH 0Cbl )KyHeHiH, y3iJlic 60MbIHIIA KYMbIChI Y bIM/IACThIPbLIa/bl. JlaiiblH/laMaHbl
KYpaJIMEH TYPTY Ke3iHJe 1 3JIeKTPKOHTAKTIII JaTYUKTEH AUCKPETTI CUTHa/l 6 aBTOMaTHUKa
KOHTpOJIJIepiHe TyceAi, OyJl MHTepHOJALUA NPOLEeAYpPachbIHbIH TOKTaTblIyblHa, Ubep. = 0
TY3ilyiHe, JeMeK, Oepisic KeTeriHiH 3JIeKTP KO3FaJTKbILUIbIHbIH, TOKTAayblHa, '>XKaKTay/bl
eHJeY/liH asgKTasybl" OeJITiCiH KaJbITaCcThIpyFa 9KeJieii. Opi Kapai, 6epijireH KepHey/liH MoHI
Gepisie/ii 2k9He }KYMbIC peXXUM/JepiH/ie yTikTey npoleci 6acTanaabl.

Taxxipube kepceTkeH/ieH, Keitjie CBB »kyiieciH xKeTeKTep/liH 3JIEKTPJIiK 66J1iriH e3repTinecTeH
CaKTaUTbIH Jepbec KOMIbIOTEPMEH aybICTbIpy OpbIHABL. Kypasn [galblHAaMaHbIH OeTiHe
TUTeH Ke3Je naija 0oJsiaThlH [Jipis1 CUTHaJJapblH KOMIIBIOTEPJIK TaJjflayFa Heri3/esreH
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OepisireH KepHey/li aBTOMAaTThbl TypJie KaMTaMachl3 eTy »KyHeci 5-cypeTTe KepceTijireH. by
»KaFJai/la KOMIbIOTEP/iH MeTalJl 6HJey *KabAbIKTapblMeH 0alIaHbIChl apHalbl UHTepdeNC
KYPbLJIFbLIapbl apKblJibl XKY3€ere acbIpblia/ibl )KoHe 6apJibIK AUCKijep YILUiH 63iH/AiK cepBUCTIK
6afrnapJsiaMa kacasaabl. Kypanael "HesZlik" kepHeyre opHaTKaH Ke3/e Jepbec KOMIbIOTEpeH
6acKapbliaTbIH CTAHOKTAP YIIiH KypaJ1JiblHXaHaCybIH 6aKbl1ay/AblH KOCbIMIIIA KYPbIIFblJIapbIH
eHri3bei-ak »kacayra 6os1agbl [10].
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1-pipin gaTyuri 1, 2-6epijic )keTeriHiH aTKapylibl 3J1EKTP KO3FaJATKbILIbI, 3-KOMIBIOTED,

4 - Tericrerim, 5-malibiHAAMa 5, 6-KapTPUIK
5 cypert. BepisireH kepHey/ii aBTOMaTThl TYp/ie KAMTaMachI3 €Ty XKyleci:

Os1ywiiH cepBUCTiK (6acKapylibl) 6aFgapsiaMa/ia aclanThlH OHAeJeTiH JalblHiaMaFa »KbL1aM
KYPiC XKbIJaMAbIFbIMEH AalbIHaMaHbIH 6eTiHeH X KoopAuHaThl 6oibiHIIAa A = 0,2 - 0,1 MM
l1aMacblHa JleliHri HyKTere "COKKbIChI3" »KeTKi3iiyi 6epineni. Opi Kapai, eH a3 6epinicneH X
6oiibIMeH, A-/1aH acaTblH KenieHAipiareH A 6ep, apTKpbl >KaFbIHa XXbIDKY Oepisesi.

TypTy naiga 6osraHHaH KeliH (TuiciHlue Aipisi curHasbl nauga 6oJsazbl), 6argapJsaMma
CTAaHOKKAa KbI3MeT KepceTeTiH X-CEpBUCTIK OafpapsiaMa GOMbIHIIA KOOPAMHATAaHblI OEKiTy
TypaJibl XabapJsiama xib6epezni. Kypangbl "Henfik" kepHeyre OeKiTKEHHeH KeliH OepijireH
KepHey/liH MoHi OpHaThLIabl. Byl 9/jic NpaKTHUKaJIBbIK iCKe achlpy/ia KapalanbIM )XoHe TeHJey
JLQJILIITIH apTThIpyFa MYMKiHAiK 6epepi. Jlipisl curHasblH TaajaWThbiH O6aFAapJsaMaja Jipiare
ce3iMTaIbIKThl 63repTy MyMKIiH/Iri KapacTbIpblIFaH, OHJA "HOJAIK" KepHeyTe XXeTy TypaJlbl
xabapJiaMa xibepisiefi. By yTikTerimTiy >KyMbIC 66JIiriHiH reoMeTpUsiCbl MEH MaTepHaJibiHA
6alJIaHbICThI KEPHEY/I peTTeyre MyMKiH/IK 6epy yuiiH (oJs1ap Aipin AeHreiliHe alTapJbIKTal
acep eTefii), COHABIKTAH KYIUTI feMndep ik JeHrel 60/FaH xafaanza fa (4ipis sHepruscbiH
CiHipy euiieMi) Aipinre cesiMTa/lAbIK IIEeriH apTThIPyFa *K9He KOFapbl JdJJIKTI caKTayFa
6os1azbl. Erep Kypas uHAEHTOpPbI AalblHAAMaHbIH OeTiHe TUTeH Ke3/le aMIJIMTyAachl KaHJau
KUiNiKTe e3repeTiHi Oesrisi 60Jica, oHAa 6yJ kaFaakaa 6afFgapJiaMmaza ocbl (KepceTiyireH)
KUIJIKTe naijja 60J1FaH TepbOesicTepAi 6aKplLiay MyMKIH/ZIT KapacTbIPbLIFaH.
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KopBITBIHABI
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apJiey >oHe KaTaWTy TEeXHOJIOTUSCHI 6HJEey OHIMAIMIriH apTThIpyFa, O6eJleKTePAiH, }KyMbIC
6eTTepiHiH 6eTKi KabaTbIHbIH carla IapaMeTpJiepiH, COHbIH, illliH/le KypaJsbl /1 6anTay apKblIbl
»KaH-)KaKTbl KaMTaMachl3 eTyre, GesilleKTepAi eHJipy/liH MUHUMaJAbl KYHbIH KaMTaMachbi3
eTyre XKoHe OaceKere KabijieTTi KypaJ/iJjap/ibl 93ipJieyre >koHe eHri3yre bIKIaJl eTe/i.
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adicimeH keweHOI KAMMAMACbi3 emy
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KommiekcHoe oGecriedyeHHe MapaMeTPoOB Ka4eCcTBa NOBEPXHOCTHOTO €10 JeTaslei
WHHOBALMOHHBIM METOAOM KOMGUHMPOBAHHOM OTAE/I0YHO-YNIPOYHAOIIEH 06paboTKHU

AnHoTanusA. HaféxHocTh U J0/TOBEYHOCTb U3JEJUH COBPEMEHHOr0 MallMHO-CTPOUTEJIBHOTO
IpPOM3BOJCTBA B 3HAYWUTEJbHON CTelNeHW 3aBUCAT OT KayeCcTBa MX MOBEPXHOCTHOrO CJOSl, U 3TO
JUKTyeT HeoOX0JUMOCTb NPUMEHSATh TaKUe METOAbl 06pabOTKU, KOTOpble HapsAy C yJaydlleHHeM
MHUKpOreOMeTPHUH NOBEPXHOCTH JleTaly U3MEHS/IH Obl B HY>KHOM HalpaBJIeHUU CTPYKTYpY, GU3UKO-
MexaHHWYeCKHue CBOWMCTBA M HaNpsyKeHHOe COCTOSIHMEe IOBEPXHOCTHOIO cj1od. B cTaTbe HcciefoBaH
KOMOWHHUPOBAaHHBIA MeTOJ, IOBEPXHOCTHOTO IJIaCTUYeCcKOro JepopMUpPOBaHUS, COYETaLIUN
»KECTKOE Y YIIPyroe BbIIVIaXKUBaHHE U TI03BOJISIOIINN KOMIIJIEKCHO 06eclieynBaTh NapaMeTphl KauecTBa
NOBEPXHOCTHOTO CJI0sl JeTajled. PaccMOTpeHbl BO3MOXHOCTH MCIOJIb30BaHUS KOMOMHHUPOBAaHHOTO
UHCTPYMeHTa JAJs KeCTKO-YIpPYroro BBIIVIQXKWUBAHUA M CUCTEMbl aBTOMaTH4YeCKOTO obecrnedyeHUs
3aJlaHHOI0 HaTsAra NpU BhIMVIQXXUBAaHUU. Hcnosib30BaHMe CUCTeMbl aBTOMATUYECKOro obecredeHUs
33/laHHOTO HATAra NpH BBIMJIAXXMBAHUM IO3BOJIAET C BbICOKOW TOYHOCTBIK) HAaCTpauBaThb CHUJIOBbIE
napameTpsl nporecca. [I[pakTudyeckoe 3HaueHHe PabOThl - YCTAHOBJIEHO, YTO B pe3y/bTaTe >KeCTKO-
yOpyroro BBIIVIQXKUBAaHUA B INOBEPXHOCTHOM CJIoe 00pasyeTcd MHUKPOCTPYKTypa C OJAHOPOJHBIM
IJIOTHBIM YIIPOYHEHHBIM c/10eM, GopMUpYIOLLas peryaspHbli NpoQU/b 1IepOX0BaTOCTH NOBEPXHOCTH
6/1aronpusATHON MNpUTyIJIeHHONM JopMbl U obecneyuBaroLiasi MOBBILIEHHYI0 H3HOCOCTOHKOCTH
HOBEPXHOCTHOTO CJIOS AETATH U €€ MPaBUIbHYI0 FTeOMETPUUECKYIO GopMy.

UccnenoBanve B JaHHOM CTaTbe HANpaBJeHO Ha pellleHHWe 3THUX INPOO6JIeMHBIX BONPOCOB U
npoBOAUTCS B paMkax Mpoekta AP19680395 «McciaenoBaHve HampsikeHHO-edOpPMHUPOBAHHOTO
COCTOSIHMS HaIlJIaBJsieMbIX JeTajledl U pa3paboTka MeToJa CHMUXeHUs UXx JedopMaLUil B mpoueccax
OBEPXHOCTHOIO IJIACTUYECKOTO AedOpPMUPOBAHUSI» 10 FPAHTOBOMY (QUHaHcHpoBaHUI Komurerta
Hayku MUHMCTepCTBa HayKHU U BbIcliero o6pasoBanus Pecny6inku KasaxcraH.

Kinwo4yeBble c/10Ba: NOBEPXHOCTHBIM CJIOH JeTajld, OTAEJOYHO-YINPOYHAWLAsg o06paboTKa,
[IOBEPXHOCTHOe  IIacTHUdeckoe JAedOpMUPOBAHHUE, IKECTKOe W  YIpyroe BbIMJIAXKMBaHUE,
MHUKPOCTPYKTYPa, LIEPOXOBATOCTb NOBEPXHOCTH, UHIEHTOP.
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Comprehensive provision of quality parameters of the surface layer of parts by an innovative
method of combined finishing and hardening treatment

Abstract. The quality of the surface layer significantly affects the reliability and durability of
modern machine-built products. Therefore, it is necessary to use processing methods that improve
the microgeometry of the part surface and positively impact the structure, physical and mechanical
properties, and stress state of the surface layer. The article investigates a combined method of surface
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plastic deformation, combining rigid and elastic smoothing and allowing to comprehensively ensure
the quality parameters of the surface layer of parts. The possibilities of using a combined tool for
rigid-elastic smoothing and a system for automatically providing a given tension during smoothing are
considered. The use of an automatic system to ensure a given tension during smoothing allows you to
adjust the power parameters of the process with high accuracy. The practical significance of the work is
that as a result of rigid elastic smoothing, a microstructure with a homogeneous dense hardened layer
is formed in the surface layer, forming a regular surface roughness profile of a favorable blunted shape,
and providing increased wear resistance of the surface layer of the part and its correct geometric shape.

The research in this article is aimed at solving these problematic issues and is carried out within
the framework of the AP19680395 project "Study of the stress-strain state of deposited parts and
development of amethod for reducing their deformations in the processes of surface plastic deformation”,
under grant funding from the Science Committee of the Ministry of Science and Higher Education of the
Republic of Kazakhstan.

Keywords: surface layer of the part, finishing-strengthening treatment, surface plastic deformation,
hard and elastic smoothing, microstructure, surface roughness, indentor.
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On the possibility of changing the trajectory of a projectile or a rocket
based on aerodynamic impact in the shock wave zone

Zhakatayev T. A.*'™, Konysbekova G.K.!

I L.N. Gumilyov Eurasian National University, Astana

(E-mail: *Toksanzh@yandex.kz , *Gulbarshyn_1991@mail.ru )

Abstract. A physical hypothesis is proposed that it is possible to change
the design trajectory of the projectile on the basis of mechanical action on the
entire volume of shockwave zones with a unilateral, asymmetric presence of
the second projectile. Deviating from the original trajectory results in a positive
result when it comes to a defensive task.

A new semi-empirical model has been developed and compiled, which
allows you to calculate the trajectory of the projectile taking into account the air
resistance to movement.

In the new model, it is recommended that only four easily detectable values
be used in upcoming experiments:

the initial departure speed v_0, the maximum altitude y_max, the maximum
flight range x_2 and the full time. The calculation scheme uses iterative
calculations. On the basis of which the values of numerical coefficients in the
semi-empirical model are specified. The physical idea that external powerful
laser radiation can heat the side surface of the projectile and the entire zone of
wave jumps of the seal is justified. On one side of the semi-plant, that is, it is one-
way heating. The asymmetrical thermal state on both sides of the missile may
cause the missile or projectile to deviate from the previously assigned heading.
This circumstance is also in favor of the proposed idea.

Keywords: wavefront, projectile, rocket, aerodynamic resistance,

calculations, trajectory, iteration.
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1. Introduction

In modern combat and military technologies, rocket attacks from long distances play a
leading role. The way when numerous troops are fighting figuratively speaking "head-on" with
machine guns in hand is a thing of the past. This method of warfare is apparently outdated, as
itleads to great human losses on both sides. This "old" method of warfare will be effective only
when conducting some very local special operations, that are characterized by short-term, fast
operations, and very small human losses.

The utilization of various missiles (small, medium, and long-range) and long-range artillery
shells is very effective for the targeted large-scale destruction of various enemy objects. In
this article, we are talking about distances from several dozen at a minimum and up to several
thousand kilometers at a maximum.

In our article, we focus on new protective measures from various missile attacks. More
precisely, this paper describes a method to forcefully change the trajectory of a flying combat
projectile. Protective actions are designed to prevent a missile or a projectile from hitting exactly
the assigned target according to the preliminary combat calculation. Instead, the projectile
deviates from its trajectory and hits a different, non-intended place, which nullifies the effect
of its use. The proposed method can be used as the last option for defense against enemy
projectiles when traditional interception methods such as direct kinematic hits or a proximity
explosion have failed.

The general theory of gas-dynamic currents is presented in works [1-11]. Theoretical
foundations of probabilistic models are presented in [12]. The same sources provide basic
formulas that describe the ratios of physical quantities and parameters of shock waves. The
theory of projectile flight in an ideal environment that does not exert resistance to movement is
detailed in the works [13-15].

2. The theoretical solution to the problem

Figure 1 shows a photograph of a flying projectile at supersonic speed, which is taken from [1]

Figure 1 - Photo of a projectile flying with a supersonic speed [1]
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On the possibility of changing the trajectory of a projectile or a rocket based
on aerodynamic impact in the shock wave zone

Figure 2 shows the supersonic flow pattern and the pressure distribution along the surface
of the curved body from the work [1].

These two figures show that along the surface of the streamlined body: 1) Not one, but several
shock wave fronts occur; 2) Along the transverse Y coordinate, shock waves have dimensions
several times larger than the diameters of the transverse size of the projectile or rocket itself.
The primary loss of initial rocket or projectile momentum occurs at these shock waves.

The new idea that we propose is the following. A flying projectile (or rocket) can be approached
by another projectile from behind and it will be in the inner zone of this shock wave. That is,
they fly almost parallel in the same direction. This situation is shown in Figure 3. We will call
it projectile number 2. The initial, flying combat projectile (or missile) is designated with the
number 1. Let's say that projectile 2 is inside the shock wave zone above projectile 1, Figure
3. We will analyze the situation by evaluating the change in the wave resistance of the flying
projectile 1. Figure 3 shows the situation where projectile 2 is close to the main projectile 1
inside the zone of its supersonic wavefront. That is, they fly almost parallel in the same direction,
close to each other.

Py Py

!
[
1
|
|

€

Figure 2 - Diagram of supersonic flow around curved arc bodies
and wave jumps (shock waves) [1]

Explanations to Figure 3: 1-first main projectile; 2-second projectile that shoots down

the main projectile 1; 3, 4-shock wavefronts from the first projectile; 3', 4'- shock wavefronts
displaced in space from the second projectile; 5, 6-tail guide vanes.

24,

/

DAY

Figure 3 - Aerodynamic interaction diagram two shells or two missiles
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As aresult of projectile 2 being inside the wave zone of projectile 1, the position of the shock
wave front of the first main projectile or missile is displaced. The main shock wave 3 in Figure
3 will shift either downstream or upstream to the frontal front of the projectile, 3'. Other shock
waves will also be altered. The angles of their inclination will also be changed. Perhaps even
the shock wave front will have a slightly curved shape. As a result of these processes, projectile
1 will for some time experience asymmetrical and unequal levels of pressure distribution, and
the general aerodynamic drag on the upper and lower sides of the surface will be different. In
other words, the resistance of the shock wave branches in the space below projectile 1 will be
different from the resistance of the shock wave branches in the space above it.

As aresult, the trajectory of projectile 1 will bend downward or upward toward the ground.
That is, this projectile will deviate from the original and planned trajectory. This result is what
we need. Therefore, a brief presence of the second projectile in any area of the shock waves will
result in a deflection of the trajectory of the first projectile. That is, it will fall to another, not
planned, not calculated point. Thus, the task of defense will be achieved based on the fact that
the projectile will hit (or fall into) a different location.

We considered the case of the smallest effect of the second projectile, when it flies along a
parallel trajectory or along a tangent trajectory, without a direct collision with projectile 1. If
projectile 2 has a direct actual physical collision (impact) with projectile 1, then the expected
effect will be greater. In the case when projectile 2 experiences a collision, the change in the
trajectory of projectiles 1 and 2 is easily explained on the basis of the law of maintaining the
total momentum of the system.

Let's take a closer look at this situation. With such an almost parallel flight of these two
projectiles, the likelihood of the influence of the second projectile on the first increases sharply.
We didn't specifically use the word "hit" here. Since the expected result can be achieved not only
as a result of a clean hit (a precise mechanical collision) but also as a result of their parallel and
close flight close to each other for some short period of time. This can be proved by calculating
and estimating the probability of their mutual "interaction”. The term "interactions" that we use
means the result of their mutual mechanical influence on each other during the time when they are
nearby in the zone of effective mutual influence. This is achieved by the fact that during a certain
duration of time, their trajectories are almost or close to parallel. So, the result of their "interaction”
is estimated by determining the probability that the volumes of their shock waves’ effective zones
(or wave fronts) turn out to be merged. That is when the shock waves penetrate each other.

Figure 3 shows a scheme of aerodynamic interaction in the following combination: two
missiles, two shells, or a rocket and a shell. Due to the fact that the second projectile is located
in the zone of shock waves of the main shell, the front of shock wave 3 moves away and is
located at the new position as shock wave 3'. In the same way, the primary wave 4 changes its
position and becomes the shock wave 4'. That is, the shock wave fronts are displaced along the
longitudinal coordinate x. For this reason, the total drag force at the top of projectile 1 will be
smaller than at its bottom. Such asymmetry of the drag force will result in the deflection of the
trajectory of projectile 1. This completes the proof.

Consider the theoretical solution in two versions: 1) the air resistance force is constant
F = const; 2) the air resistance force is variable and is a function of the velocity of the projectile
F =F(v) missile.

24 N21(146)/ 2024 JLH. ['ymunes amoindarel Eypaszus yammuoik yHueepcumeminiy XABAPILBICHI.
TexHUKAIbIK FbLALIMOAD JHCaHE MEXHOA02USIAAP CePUsIChl
ISSN: 2616-7263. elSSN: 2663-1261



On the possibility of changing the trajectory of a projectile or a rocket based
on aerodynamic impact in the shock wave zone

Solving Problem 1.
Dynamic equations in Cartesian coordinates are

dvy

= —F,
dt ax

Fral —F,, —mg.

The equation for v, is solved separately in two parts: 1) until the point of maximum elevation
0 <t<t; 2)fromt moment until the end of flight (falling to the ground) t,, t, <t < t.. Thus, the

time of the full flight is t =t +t,. At the end of the flight, the projectile falls to the ground.
Solving these equations we get

_ mUO'y _
Fa,y - t mg, (2)
Fq,
vy, =(9-"2)t,, 3)
where Vo, the y-axis velocity projection at the end of the flight.
From the first equation of the system (1) we get
Foyx = M’ (4)

ts

where v,, is the velocity of the projectile at the end of the flight, that is, before it hits the
target, which is located on the ground.

Equation (4) allows you to use it in reverse order, that is, you can calculate the v .. Assuming
that F_~F_.Next, the total drag force F; = \/FZ, + FZ,.

y
Solving Problem 2.
In this case, the resistance force is variable and is a function of the velocity
F =F(v).
Equation for y projection is written as
dv
2 = —F,,(v) —mg. )

The air resistance force can be represented as the following nonlinear function of velocity
— 2
F,,(v) = avy, + by, + cvy (6)

In turn, in the first approximation v =kt - some linear function with time t. Itis due to the
presence of wave aerodynamic drag that k#g.
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Equations (5), as well as (1), are solved in two parts separately: 1) to a point of the maximum
elevation 0 < t < t; 2) from the moment of the beginning of descent t_1, until the end of falling
t st<t,

Part 1.

For the moment of t, we have a solution

Voy = gt; + aa + b +yc, (7)
where
o= gk ®)
m 2m 3m

For the purposes of our tasks, equation (7) is interesting. As yet unknown coefficients q, b, ¢
are determined by solving matrix equation (7) which is obtained at the given values (1 vo‘y)i and
(t,). - (for example, measured from the experiment).

Since there are only 3 unknown coefficients, then in our case three equations and three
values ati=1,2, 3 are enough. However, if in equation (6) we would add an additional term to
the power of 3, then accordingly i = 1, 2, 3, 4. For example, it can be Fa’y (v)=av0’y+bvy+cvy2+dvy3.
However, it is most likely that a quadratic function (6) is sufficient. Since in this case, with respect
to time t, we have a cubic equation. As you know, third-degree splines accurately describe a
variety of highly curved profiles.

Part 2.

Down, descent. For it, in equation (5), the gravity term will be written with a plus sign

dvy

= —F,,(v) + mg. 9)
Solving equation (9), we get
Vya = gt — 01ty — 0oyt3, (10)
where
bk ck?
O =o—,0, = —, (11)

v_, —the speed component before hitting the target, its final value.
Y

Part 3.

We solve the first equation of (1) for v_.In this case

F = avyy + bv, + cvi . (12)

Solving (1) and taking into account (12) we will get
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Vo,x

— ) 2 3
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where v _,- is the value of the velocity projection before falling, hitting the target, this is the
final velocity, and
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2 , the angle of incidence of a’ can be determined. And a’>a. In
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From the formula tg a'=

case of medium resistance the flight range decreases. In an environment that has no resistance,
the range will be longer. Knowing a’and x_we can estimate the strength or the drag resistance
level of air.

Equations (6) to (13) allow iterative solutions and refinement of coefficients. The fact is that
in the first approximation and at the first, initial iteration, we can take the k~g - acceleration
of free fall. k, is determined by experimental data using formula (13) and x,. And equation (7)
must be used twice within the iteration cycle. When iterated, the values of k, either decrease or
increase with a certain fine h,=(0.01+0.05)k, step size. This is determined from the analysis of
the obtained numerical results. So to speak, visual control of values with different variations.

Alternately: first as (7) and then as (10).

Uy,1 == 0 == vy’o - gtl - 1707131 at1 - O-1t12 - O'2t13 (14)

(14) are equations (5), (7) written for a time t,. This is the time of maximum elevation.

Signs for k, are determined after correction, re-clarification of ¢, t, ¢, Vo Ve X2 Vs from
the experiment. That is, after iterative calculations. Formula (7) is written in such a way as to
find unknown coefficients a, b, c. And formula (10) is written as such in order to calculate the
velocity value for any given time value t.

We have some experience in developing algorithms and compiling our computing programs
in C++ and Visual Fortran. Which make it possible to make detailed calculations at different
variations of angles of attack, flight path and initial conditions of departure from the launcher.
Taking into account the iteration. Our calculation scheme can include algorithms for fast,
emergency determination of the flight path of projectile 1 from experimental data of the induced
laser beam and computer analytical calculation of its flight path.

All the above is supplemented and explained by Figure 4: 1-trajectory in the presence of
air resistance; 2 - trajectory in the absence of air resistance; vV, - initial speed; VAV, - finishing
speed; a' - drop angle in case of air resistance accounting; x, - maximum flight range.
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Figure 4 - Diagram of projectile flight

Figures 5 show a diagram from which the effective areas of aerodynamic interaction of
two shells or two missiles can be calculated. If 6,~0, the probability of success can be taken
approximately as 1. Next, we assumed that the spread of 6, values obeys the function of the
normal distribution of random variables. Based on this approach, it is possible to estimate the
approximate number of shells launched so that, with a probability of, for example, 95%, be sure
that an enemy missile or projectile will be shot down.
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Figure 5 - Diagram of mutual location

The two-dimensional probability density function for this representation is [12]

r2

1
p(T,(P) =Ee 2.

Hence, the probability itself for an arbitrary r, radius will appear as the next double integral

2

P(r,p) = ifo% fozn e_r?rdrdgo. (15)

(15) is the frequency of projectiles flying through the circle area with a radius of r,.

[t turns out that in order to successfully hit a missile (or projectile) with an attacking missile
(or projectile), it is best to fly, catch up, and hit it from behind. First, track it from behind, and
only then catch up and hit it while flying along its own trajectory. In other cases of approach
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(attacks from the front or side), the likelihood of missing or not hitting the target (slipping past)
will be greater.

And finally, the last. In sufficiently low earth orbits, it is possible to arrange a device that
will emit very powerful narrowly directed laser beams, Figure 6. In this case, very strong one-
way heating of the entire side surface of the rocket or projectile can be carried out. The entire
adjacent wave zone will also be heated. The highly heated air in the wave zone will significantly
change the physical characteristics and physical condition of this section of the shock wave
front. That is, in one half-space, shock waves will overheat greatly, and in another half-space,
there will be no changes. As a result, the asymmetrical aerodynamic drag of these wave portions
will cause the projectile path to deviate from the original intended course. Thus, our goal will be
achieved, the trajectory will change and the projectile will hit another unnecessary point.

Figure 6 - Shock Thermal Impact Diagram wave zone and half side projectile surface

Explanations to Figure 6:1 - projectile; 2, 3 lines of shock wave fronts; 4-laser unit; Q is a
plane that divides the entire space into two half-spaces 5 and 6.

Such influence or impact on the projectile is much better, easier, and more effective than
the traditional way when they try to completely burn, melt, destroy, or detonate this shell or
rocket with a laser beam. With this method, an excessively large, almost impossible, very costly
overspending of thermal energy will be required. This is far from reality.

3. Discussion

The semi-empirical theory developed by us, however, is suitable only for the flight and fall
of bodies in a field of constant gravitational attraction. If there were no gravity, it would be
impossible to close the system of equations to calculate unknown semi-empirical coefficients,
which simply allow you to take into account the resistance of the medium to the flight of the
projectile as a nonlinear function of time.

As a development of this approach, we plan to further consider the following possibilities. To
develop a semi-empirical theory, when the flight of a rocket or a projectile occurs with a variable
mass. For example, this is the real situation when gradual consumption of fuel takes place.

In work [15], it is noted that in previous research the function of medium resistance in the
following different types: F(v)=av, F(v)=bV?, F(v)=av+bv’ were used. However, the further use of
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this formula differs from our method. Namely, these equations for F(v) used previously known
works to solve the following differential equation [15]

d(vcosd) _ vF(v) (16)
dd g

where v=1(0). As indicated in the same source [15], the integration of equation (16) with an
unknown function v=1¢)(6) and with unknown coefficients a, b has insurmountable difficulties.
That is, further calculation techniques and methods for obtaining final results differ from ours.
This is easy to see from [15].

You can shoot down a rocket or a projectile with a direct hit. It is also possible to change
its trajectory based on the explosion of another projectile in close proximity to it. These are
common techniques. However, our method is designed as a backup for the worst-case scenario,
in the event of an invasion into the shock wave zone, it is also possible to change the flight path.
As a result, even this so-called "weak impact" can achieve the desired goal. Then the projectile
or rocket will not hit the intended point, at which the projectile was originally aimed at.

Laser correction of the heading is possible only if there is no rotation of the projectile.
Consideration of the question of the rotation of the rocket itself and the effect of this rotation on
the gas boundary layer is a large separate and deep topic for self-study. So far, we do not touch
on this issue.

4. Conclusions

4.1. A physical hypothesis is proposed that it is possible to change the design trajectory of
the projectile on the basis of mechanical action on the entire volume of shockwave zones with a
unilateral, asymmetric presence of the second projectile. Deviating from the original trajectory
results in a positive result when it comes to a defensive task.

4.2. A new semi-empirical model has been developed and compiled, which allows you to
calculate the trajectory of the projectile taking into account the air resistance to movement.
From the initial experiment, only four easily detectable quantities are used: the initial departure
speed v, the maximum elevation y__, the maximum range x,, and the total flight time. The
design scheme can be used in the design and operation of shells and missiles both guided,
homing and unguided. The air resistance force is modeled as a nonlinear function of velocity. It
is represented in the form of a polynomial of the third degree from time to time.

4.3. The physical idea that external powerful laser radiation can heat the side surface of
the projectile and half-space of the entire zone of shockwaves is proposed. The asymmetrical

thermal state on both sides of the missile may cause the missile or projectile to deviate from the
previously assigned flight path. This circumstance is also in favor of the proposed idea.
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5. contribution of the authors

1 author: general guidance, problem setting, solving theoretical issues, calculations,
conclusion.
2 author: formula checking, calculation checking, article design, typing.
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O BO3MO>KHOCTH U3MEHEHUS TPACKTOPHUU CHAPAAA UJIH PAKETbI
Ha OCHOB€ a3pOoAUHAMHUYE€CKOTro BOSAeﬁCTBPlﬂ B 30HE€ y1IapHBbIX BOJIH

AnHoTanusa. O6GocHOBaHa ¢u3WYecKas TUIOTe3a O TOM, YTO MOXKHO H3MEHHUTb PACYETHYIO
TPAaeKTOPUIO CHapsiia Ha OCHOBE MeXaHUYeCKOro BO3JeMCTBUSI HAa BeCb 00beM BOJIHOBBIX 30H
CONPOTHUBJIEHUS NIPU OHOCTOPOHHEM, HECHMMETPUYHOM BTOP>KEHUHU BTOPOro cHapsaja. OTKJIOHeHUe
OT NepBOHAYaJbHOW TPAeKTOPHUMU NPUBOAUT K MOJIOKUTEJbHOMY pe3yJbTaTy, Korja peyb UAeT 06
060pOHUTENILHOU 33/]a4e.

PaspaboTaHa u cocTaB/ieHa HOBas NMOJy3MIHMpUUYeCKass MOJe/b, KOTOpas MO3BOJISAeT PacCYUTATh
TPaeKTOPUIO CHaps1/ia C yueTOM CONPOTHUBJIEHUS BO3/lyXa IBUKEHH 0. B HOBOM Mo/ie/1M peKOMeH/10BaHo,
YTOObl B MPEACTOSAIINX 3IKCIIEPUMEHTAX HCHOJb30BaTh TOJIBKO 4YeThbIpe JIETKO OINpefessieMble
BEJIMYMHBI: Havya/bHas CKOPOCTb BbLI€Ta V,, MaKCHMMaJlbHas BbICOTa MOJbeMa y _, MaKCMMaJbHas
JQJIbHOCTD MOJIETA X, M TOJIHOE BpeMs. PacyeTHas cxeMa UCIO0J/Ib3yeT UTePALMOHHbIE BbIYUCIEHHS, Ha
OCHOBE KOTOPBIX YTOYHSIOTCS 3HAaYEHHS YUCJIEHHBIX KO3PPUILMEHTOB B MOJYIMIIUPUYECKON MOJIEH.
O6ocHoBaHa pusnyeckas UAes 0 TOM, UTO BHellIHee MOLHOe Jla3epHOoe U3JlyueHue MOXKeT HarpeBaTb
OOKOBYIO TOBEPXHOCTb CHapsia U BCIHO 30HY BOJIHOBBIX CKAuKOB YIJIOTHEHHS C OJHOW CTOPOHBI
MOJIyNPOCTPAHCTBA, TO €CTb 3TO OJHOCTOPOHHUM HarpeB. HecuMMeTpu4HOe TeNJi0BOe COCTOSIHUE C
JIBYX CTOPOH paKeThbl MOXKET MIPUBECTH K OTKJIOHEHUIO paKeThbl UJIM CHApPsa OT Mpex/ie Ha3HAaUeHHOr o
Kypca. /laHHOe 06CTOATeNbCTBO TaKKe B MOJIb3y INpejsaraeMoil uzaeu. PacyeTHas cxemMa MOXeT
HalTU NpHMeHEeHHEe NPHU NMPOEKTUPOBAHUM U IKCIJIyaTallMd CHAPSZOB U PaKeT KaK yNpaBJsieMbIX,
CaMOHABO/JASLINXCS, TaK U HEYNIPaBJIsSEMBIX.

max’

Knwo4yeBble c/10Ba: BOJIHOBOM (POHT, CHapsJ, pakeTa, aspoJUHAMHYECKOE, COMPOTUBJIEHHE,
pacyeThbl, TPAEKTOPUS, UTEPALIUSL.

Kakaraes T.A.*!, Koubic6exkoBa IK.!
JLH. I'ymunes amviHdarsl Eypasus yimmeolk yHugepcumemi, Acmawa.
(e-mail: *Toksanzh@yandex.kz , Gulbarshyn_1991@mail.ru)

COKKBbI TOJIKbIHJAPbl aliMaFbIHAAFbI A3POJMHAMHUKAJIBIK,
acep eTy Heri3iHAe cHaps/J HeMece 3bIMbIPAaH TPA€KTOPHUSChIH 63repTy MYMKIiHZAIri

Angarna. Makasiazia eKiHIII CHapsAThIH 6ipXKaKThl, CAMMETPHSLJIbI eMecC, Kipyi Ke3iH/le KelepriHiH,
TOJIKbIH aliMaKTapbIHbIH, 6apJIbIK KeJiEMiHE MeXaHUKAaJIbIK 9Cep eTy HeTi3iHJe CHapsAThbIH ecenTik
TPaeKTOPUSICbIH ©3repTyre OO0JaThIHABIFBI Typasbl QU3UKaJIbIK TMIIOTe3a HerizjesreH. bacTankbl
TPAEeKTOPHUAAAH AYbITKYABIH KOPFAaHbIC MiHJETi TypaJsibl €63 60JIFAH/A OYJI OH HOTIDKETE dKeJle/i.

Ko3sfasbIiCcKa aya KeJlepriciH eckepe OTBIpbIN, CHapsAATbIH, TPAeKTOPUSICBIH ecenTeyre MyMKIiHZIK
GepeTiH ’KaHa KapTblJIal IMIHPUKAJIbIK MOJie/Ib 93ipJeH i xKoHe )acaiabl. 2KaHa Mozesbe anaFbl
3KCMEPUMEHTTEpP/Ie OHAaW aHbIKTaJATbIH TOPT LIaMaHbl FaHa MaWjasaHy YCbIHbUIAJbl: V, — YILIbII
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HIBIFYBIHBIH, 6acTanKbl KbLJIAaM/IbIFbI, Yo KOTEPYAIH €H >KOFaphbl OUIKTIri, YIIyAbIH eH »OFaphl
KalIBIKTBIFbI X, JXK9HE TOJIbIK YaKbIT. EcenTey cxemMachl UTepalUs/IbIK ecenTeysiep/i nanaaaaHaibl.
OsapablH, HerisiHze »kapTbLlalh BSMIUPUKAIBIK, Viarigeri caHJblK KoO3QULIMEHTTepAiH MoHI
HaKTblIaHabl. ChIPTKbI KyaTThl Jla3epJsiiK coyJiesieHy CHApSAATbIH OyHip 6eTiH koHe ThIFbI3JAY/bIH
TOJIKbIH CeKipicTepiHiH OapJiblK alMaFblH KbI3JIbIpa aajibl JereH GU3UKAJIBbIK HJlesd Heri3zesreH.
KeHicTikTiH 6ip »kapThl *KaFbIHAH dCeP €Ty, AFHU OYJ1 6ipKaKThI XKbIIBITY. 3bIMbIPAHHbIH, €Ki KaFbIHAH
CUMMETPHUSJIBIK €eMeC >KbLIy aFJailbl 3bIMbIPDAHHBIH, HeMece CHapAAThIH, OYpblH OesrijieHreH
0aFbITTaH aybITKybIHA 9KeJIyi MYMKiH. ByJ1 »KaFai 1a YChIHBLIBIN OTHIPFAH TYKbIPBIM/IbI AaHKbIHAAYFa
keMeKTecei. EcenTey cxemMachl cHapsiiTap MeH 3bIMbIpaHAAP/bl K06aj1ay KaHe NaijanaHy KesiHje
6acKapblIaThIH, ©3/iriHeH 6acKkapbliaThIH X9He 6aCKapblIMalThIH TYPZeE A€ KOoJIJaHblIYbl MYMKiH.

Ty¥iH ce3aep: ToNKbIH allMa¥Fbl, CHApsJ, paKeTa, a3poAMHAMHUKa, Kelepri, ecenteysiep, TpaeKTopus,
vTepanus.
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Simulating the process of compacting the railway bed

Introduction

The aim of the study is to obtain a model of the three-dimensional stress-strain state of the
railway roadbed.

The objectives of the study includes:

- simulating the sealing plate operation;

- selecting the rheological model;

- substantiating the criterion of the ultimate stress state;

- selecting the numerical modeling method.

Increasing the speed of trains is one of the most important tasks for improving the operational
work and development of railway transport in all industrial countries of the world. Increasing
permissible speeds means reducing the travel time, improving the quality of services and
attracting additional passenger traffic to rail transport. Speeds can be increased in several ways:

- constructing new lines;

- reconstructing existing railways;

- using improved rolling stock.

Experience in the construction and operation of railway transport shows that reconstruction
of existing railway lines with mixed traffic of freight and passenger trains makes it possible to
increase the speed to 200-250 km/h. To achieve higher speeds, it is advisable to build specialized
high-speed highways, which leads to high-quality compaction of the railway bed [1].

In this regard, the modeling of the railway bed is relevant for clarifying the methodology of
calculating the relative and absolute settlement of the railway bed ballast layer.

Materials and methods

The purpose of the study is to obtain a methodology of demonstrating and calculating the
stress-strain state of the railway bed.

The research hypothesis is to improve the quality of assessment and calculation, and
consequently the performance of the railway bed by studying the importance of legality in
obtaining a three-dimensional picture of the railway bed settlement.

Practical significance consists in the use of the obtained results in engineering calculations.

Currently, high-performance complexes of track machines are used to perform track work.
The work is performed in limited periods of time, the so-called "windows", at a considerable
distance from the repair bases [2].

Track machines and mechanisms for compacting the ballast layer, straightening the track
and finishing the ballast prism are classified according to the frequency of action, the working
function performed, the number of sleepers that are simultaneously packed, etc. [3, p. 414].

Abroad there are produced straightening and tamping machines of cyclic, continuous-cyclic
and continuous action designed for straightening and tamping the railway track during the
construction of lines, as well as for the current maintenance and repairs of the track.

With the growth of traffic density, speeds and mass of trains, the design of the track was
improved, new sets of track machines appeared, as well as a new technology of track work. For
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mechanization of straightening-tamping and finishing works, track renewal machines of cyclic
action are used: the main type VPR; of continuous-cyclic action (PMA-1, PMA-S, "Duomatic 09-
32 CSM", "Dynamic Stophexpress 09-3X", etc.); of continuous action type VPO (VP0O-3-3000,
VP0-3-3000S) [3, 415 p.].

During the operation the sealing working bodies of tamping and straightening machines
render a horizontal and vertical impact on the ballast with forced supply (introduction) of the
working bodies (horizontal or vertical vibro-compression of the ballast). When the plates are
deepened into the ballast, there takes place compaction due to its vibration compression in the
vertical and horizontal directions. Vertical vibro-compression is implemented in the process of
inserting the plates into the ballast, and horizontal when the working platforms of the plates
interact with the ballast. When the plates are compressed, horizontal vibration compression of
the ballast takes place. The sealing of the shoulders of the ballast prism works according to the
method of vibro-compression of the ballast (Figure 1) [3, p. 416].
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Figure 1 - Working bodies for compacting and stabilizing the ballast layer

The technological process of compacting the mass of the ballast layer is associated with
redistribution under the impact of force factors (working bodies or train load) of the ballast
volumes inside the layer with the formation of local zones of increased particle concentration
due to compaction (under the rail threads) and reduced concentration due to decompression
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(in sleeper boxes, under the ends of the sleepers). The ballast, being a loose medium, exhibits
its rheological properties. The picture of such distribution is conditioned by the design features
of the working body and the selected modes of interaction. With each new force impact on the
ballast layer by the working body, as in the case with the operation of machine complexes, the
distribution pattern of the material concentration in the layer changes. Relative compaction
settlement E after force action is determined by the formula [4]:

v,
E, =1-—*(1-E), (1)
Vi

where V,, V are the volumes occupied by the ballast before and after compaction.

The most common method of compacting the ballast layer is vibration crimping. The initial
state of the ballast is characterized by the relative settlement of the E, seal. In the calculations
of sealing working bodies, the concept of a hypothetical maximum loose state and an extremely
compacted state is used. They are characterized by the corresponding relative compaction
settlements E and E [3].

The indicators for assessing the quality (degree and uniformity) of compaction and
stabilization of the track ballast are given in Table 1, where o is the standard deviation of the
degree of compaction quality [4].

Table 1 - Quality indicators (degree and uniformity) of the railway track ballast compaction and
stabilization [4]

Indicator Indicator value or the calculation formula
Compaction degree: Practically achieved Limit
Density, kg/m3 pA=(1.5...1.8) 10° (1.9..2.1) 103
Porosity n/1=0.36...0.38 0.33...0.34
Porosity coefficient e/1=0.56...0.61 0.49...0.51
Relative settlement of the sealing AH
—=0.14...0.20 0.22..0.24
H
Sealing quality ptonto,; max
eto,;AHto,, i
The layer settlement speed, mm (mln. t gross) % —V, =var V, =const
Acceleration (uniformity) of the layer settlement, oy (W,) < +13301; Wi=0

2
mm/(min.  gross) (W) < £(0,25...0,33)%0

Since there is an extremely compacted state of the ballast, stabilization by compaction is
modeled by the saturation process of the compaction index taken into consideration: relative
settlement E.
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The diagram (Figure 2) shows conditionally the positions of the rail-sleeper grid in the
process of force impact on the ballast layer by a complex of machines: E, is the initial relative
sediment of the layer, for example, after the operation of a crushed stone cleaning machine for
deep cleaning; E,, is the relative settlement of the compaction after the operation of the first
straightening and tamping machine (for example, VPO); E_, is the relative settlement of the
compaction after the operation of the second straightening and tamping machine (for example,
VPR); E , is the relative settlement of the compaction after passing the dynamic track stabilizer;

E,is the relative compaction settlement as a result of the operation of the ballast layer under the
influence of a load from trains [4].
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Figure 2 - The diagram of changing the ballast layer state under the compacting action
of the track machine complex

After complete stabilization, it corresponds to the extremely compacted ballast layer; H,
Hy, Hy, H,, H, are the thicknesses of the ballast layer after the considered impacts (indices
correspond to the indices for relative settlement h__, h. . are straightening lifts of the track
by the VPO and VPR machines; h,, h, are settlements of the rail-sleeper grid after and during

38 N21(146)/ 2024 JLH. I'ymunes amwindarsl Eypasus yammuoik yHusepcumeminiy XABAPILBICHI.
TexHUKAIbIK FbLALIMOAD JHCaHE MEXHOA02USIAAP CePUsIChl
ISSN: 2616-7263. elSSN: 2663-1261



Simulating the process of compacting the railway bed

operation; E, is the relative settlement of the compaction of the ballast layer in the hypothetical
extremely loose state [3].

This state corresponds to different hypothetical layer thicknesses, since during the operation
of the tamping machine, additional volumes of the ballast material are supplied to the area
under the sleepers from the ends of the sleepers (VPO).

After all straightening and tamping works, the hypothetical layer thickness reaches the
maximum value H. During settlement in the problem under consideration, it does not change.

The relative and absolute settlements of such a ballast layer can be calculated taking into
account the above approach.

The proposed dependences make it possible to determine the loading of machine mechanisms
during operation depending on the rheological properties of the medium. However, it is possible
and necessary to solve the problem of changing the stress state of the railway bed prism using
modern calculation methods (for example, using the finite element method (FEM).

The main environment of the railway bed is mainly composed of crushed stone. Crushed
stone is a loose medium consisting of grains and spaces between them, which are mainly filled
with air. A granular body has some properties that distinguish it from classical solids and liquids.
It has the ability to keep the shape that it was given by the machine, and on the other hand, it can
lose shape, for example, under the impact of a vibration load. Great importance in maintaining
the elasticity of the form has the internal structure. A looser and less ordered texture leads to
decreasing the ability to bear the load, and a less loose and more ordered texture increases
the bearing capacity of the railway bed. In the loose state, the spacer properties of the ballast
material are manifested to a greater extent. They are characterized by the appearance of lateral
pressure perpendicular to the main pressure. If nothing counteracts the lateral pressure, the
ballast bulges to the sides with the destruction of the main body.

The main properties of crushed stone are standardized in SS 7392-2002 "Crushed stone of
dense rocks for the ballast layer of the railway track". Crushed stone is obtained by crushing
material of igneous rocks with the density of at least 2.4 g/cm3; it consists of particles of
fractions within 25...60 mm [5].

The condition of the railway bed is characterized by the quality of compaction. Assessing the
settlement of the ballast layer under a force impact on it, in many calculation models there is
taken into account the ballast layer located directly under the bases of the sleepers [3].

Our task is to simulate the operation of a vibrating plate.

It is known that the soil is a non-linearly deformable material, in which the relationship
between load and displacement has a curvilinear character. The stress-strain state of such
materials is described in more complex elastic-plastic models, which are based on the concept
of yield stress. To simulate the interaction of the plate with the railway bed, the well-known
Mohr-Coulomb criterion has been selected, which more accurately describes the ultimate stress
state of aloose and cohesive medium. In the space of principal stresses, the yield strength forms
the yield surface (Figure 3). The yield surface equation is taken depending on the strength
criterion, according to which the calculation is made.

There are many numerical methods of the continuum mechanics among which the most
popular is the finite element method (FEM). The FEM has the ability to take into account a
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variety of complex properties of soils. By this, the FEM stimulates the development of soil
testing methods and new theories of their strength and deformability [6].

0,

Figure 3 - Yield surface in the axes of the basic stresses of the Mohr-Coulomb criterion

Let's consider the procedure for solving the FEM problem in the Ansys WB program using a
specific example: a railway bed under the impact of a vibrating plate.

There has been selected an elastic-plastic Mohr-Coulomb model with known mechanical
characteristics of the pin (strain modulus, Poisson's ratio, angle of internal friction, specific
cohesion and dilatation angle) (Figure 4).

Properties of Outiine Row 5: gravi 2 v X
A B E D | E

1 Property Value Unit (=]l
2 %4 Material Field Variables = Table
3 T Density 1700 kg m~-3 O | =
4 |B 7 Isotropic Elasticty [
5 Derive from Young's Modulu... LI
[ ‘foung's Modulus 400 MPa ;l [
7 Poisson's Ratio 0,27 [
8 Bulk Modulus 2,3986E+083 Pa ]
g Shear Modulus 1.5743E+08 Pa [
10 = Mohr-Coulomb [
11 =] EI ‘ield Surface |:|
12 Initial Inner Friction Angle &3 degree ;I [
13 Initial Cohesion 20000 Pa = @
14 Dilatancy Angle 5 degree ;I ]
15 Residual Inner Friction Angle 25 degree ;I O
16 Residual Cohesion 10000 Pa ;I ]

Figure 4 - Crushed stone mechanical characteristics

The design scheme of the railway bed is shown in Figure 5. A steel plate with dimensions
corresponding to the contact area has been selected as a vibration plate.
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Model

L
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—
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Figure 5 - The design scheme of the railway bed: 1 - vibration plates,
2 - crushed stone

A: Static Structural
Standard Earth Gravity
Time: 1.s

'F | Standard Earth Gravity: 9806.6 mm/s?
. Force: 2.e+005 N C
- Force 2: 2.e+005 N
|| Displacement

Bl Force 3: 61280 N
'E | Displacement 2

o

0 2e+03 4e+03 (mm)
B

1e+03 3e+03

Figure 6 - The railway bed boundary conditions:

A, B - force transmitted by vibrating plates, C - limitation of movement at the ends, D - total
load from reinforced concrete sleepers, rails and pairs of wheels, E - limitation of movement at
the base, F - gravitational force

The load from the vibration plates is assumed to be static. The dynamic impact has been
taken into account by introducing the dynamic coefficients (k =1,2).

To study displacement along the length of the sleeper base, there has been selected the
studied 1-2 line (Figure 7).
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Figure 7 - The 1-2 line

The non-linear calculation of the interaction of the railway bed with the vibration plate has
shown good convergence (Figure 8).

~—i— Force Convergence Force Criterion ~—— —— - Substep Converged
315.12 = e
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| —~ b
60.954 J i ‘ : )
Z 11791 ! 1 { |
e | |
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o 2.2807 | | | f
N \
1
0.44117 ! } H |
{ | | |
8.5337e-2 ? ! ‘
1 2 4, 6. 8. 10. 12, 14, 16. 18. 20. 22, 24,
Figure 8 - Force convergence
Findings/Discussion

As a result of numerical calculations, the data have been obtained that make it possible to
evaluate the performance criteria. The maximum and minimum values of stresses in the zones
of impact on the railway bed, the areas of occurrence of plastic strains in soil foundations, as well
as the displacement of the “undersleeper zone”, which allow predicting deformation processes
under vibration load, are shown.

Below there are the results of vertical movement along the length of the sleeper base (Figure 9).
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Figure 9 - Displacements along the 1-2 line

[t should be noted that the largest displacements occur on the two edges of the sleeper base.
Figures 10, 11, 12 show more obvious pictures of strains in various directions.

A: Static Structural
Directional Deformation 3
Type: Directional Deformation(Y Axis)
Unit: mm

Global Coordinate System
Time: 1

0.0031828 Max
-0.0034979
-0.010179
-0.016859
-0.02354
-0.030221
-0.036901
-0.043582
-0.050263
-0.056944 Min

0.00 1000.00 2000.00 (mm)
— — =
500.00 1500.00

Figure 10 - The picture of strains in the vertical direction
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A: Static Structural
Directional Deformation 4
Type: Directional Deformation(X Axis)
Unit: mm

Global Coordinate System
Time: 1
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Figure 11 - The picture of strains in the transverse direction
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Directional Deformation 8
Type: Directional Deformation(Z Axis)
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Time: 1
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Figure 12 - The picture of strains in the longitudinal direction
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Figure 13 shows the isofields of normal stresses ¢

A: Static Structural
Normal Stress
Type: Normal Stress(X Axis)
Unit: MPa

Global Coordinate System
Time: 1
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I ]
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A: Static Structural
Normal Stress 2
Type: Normal Stress(Y Axis)
Unit: MPa

Global Coordinate System
Time: 1

0.010437 Max
0.00075517
-0.0089269
-0.018609
-0.028291
-0.037973
-0.047655
-0.057337
-0.067019
-0.076701 Min

0 2e+03 4e+03 (mm)
I
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b)
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A: Static Structural
Normal Stress 3
Type: Normal Stress(Z Axis)
Unit: MPa

Global Coordinate System
Time: 1

0.00072411
-0.0033489
-0.0074219
-0.011495
-0.015568
-0.019641
-0.023714
-0.027787
-0.03186 Min
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0 2e+03 4e+03 (mm)
I

1e+03 3e+03

Figure 13 - Normal stresses isofields: a) ox; b) oy; c) oz

In this Figure there is obvious the occurrence of a high stress gradient under the loaded
"slab - railway bed" system.
At the same time, plastic strains can be observed (Figure 14).

A: Static Structural
Equivalent Plastic Strain
Type: Equivalent Plastic Strain
Unit: mm/mm
Time: 1

3.9716e-5 Max
H 3.5303e-5
3.08%e-5
‘ 2.6477e-5
2.2064e-5
1.7651e-5
1.3239%e-5
8.8257e-6
4.4129e-6
0 Min

0 2e+03 4e+03 (mm)
—_— I
Te+03 3e+03

Figure 14 - Elastic strains of the earth work
Conclusion

Methods of calculating the railway bed have been analyzed.
The necessity of obtaining a picture of three stress-strain states of the railway bed by more
accurate methods has been substantiated.
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In order to improve the accuracy of modeling the stress-strain state of the railway bed, an
elastic-plastic model should be used according to the Mohr-Coulomb strength criterion.

The precipitation along the length of the sole of the sleepers is uneven and has maximum
values along the edges.

The obtained numerical results in the process of three-dimensional modeling using the FEM
allow demonstrating volumetrically the stress-strain state of the railway bed.
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Abstract. As mining resources enter the deep stage, the rock strength is
high, the use of traditional mechanical rock breaking technology, easy to cause
serious wear of the drill bit, drill replacement costs increase, low rock breaking
efficiency problems. Laser rock breaking technology uses the way of non-direct
contact with rock mass to cause rock breaking, which greatly improves the speed
of deep mining. In this paper, high energy laser experiments are carried out on
mudstone. Scanning electron microscopy (SEM) is used to study the mudstone
minerals be-fore and after laser radiation, and the Brazilian splitting experiment
is carried out on mudstone samples after laser test and he final experimental
data and analysis results show that the mudstone mineral particles change from
rough surface to smooth surface before and after laser radiation. The tensile
strength of saturated mudstone samples is significantly improved after laser
radiation.
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Study on damage mechanism of mudstone radiated by high energy laser

1. Introduction

As mining resources at home and abroad have entered the stage of deep min-ing, the hard
rock strength of deep rock mass has been significantly improved compared with shallow rock
mass. If the traditional mechanical rock breaking technology is continuously used, it is easy to
cause serious wear of drill bit, in-crease the cost of drill bit replacement, and low rock breaking
efficiency [1]. In recent years, with the continuous development of science and technology, there
have been many new technologies in rock breaking, such as hydraulic rock break-ing [2], blasting
rock breaking [3], microwave rock breaking [4], laser rock break-ing [5], etc. The emergence of
these new technologies has greatly accelerated the speed of rock breaking, and most of these
new technologies are caused by non-direct contact with rock rock breaking behavior, perfectly
making up for the dis-advantages of traditional rock breaking technology.

Based on the new rock breaking technology, this paper mainly focuses on la-ser rock breaking
technology. The principle oflaser rock breaking technology is mainly that after the rockisradiated
by high-energy laser, the rock in the radiated area will rise sharply to more than 2000°C and
undergo physical changes such as thermal crushing, melting and vaporization under the action
of high temperature, forming a state of multi-phase coexistence, and significantly reducing the
strength of the rock by promoting the generation of cracks [6]. In this paper, high-energy laser
is used to radiate mudstone, and mudstone states are divided into dry and saturated states.
First, the sintering state and fracture distribution of mudstone samples under two states of
laser radiation are observed by naked eye to briefly analyze and compare the damage effects
of high-energy laser radiation on dry and saturated mudstone rocks. Secondly, by means of
scanning electron microscopy (SEM), Brazil splitting test and high-definition camera recording,
the changes of mudstone, rock sample internal structure and splitting characteristics of high-
energy laser radiation are accurately recorded and analyzed.

2. Laser Experiment

The size of the mudstone sample used in this paper was selected as a cylinder with a diameter
of 50mm and a height of 25mm, which complied with the rec-ommended standards of the
International Society of Rock Mechanics and Rock Engineering (ISRM). In order to meet the
requirements of the mudstone sample radiated by high-energy laser, the Brazilian splitting test
was conducted to test its tensile strength. Dry mudstone samples need to be kept indoors for 7
days to dry naturally, and saturated mudstone samples are treated by soaking in pure water in
a sealed container for 7 days. The laser radiation power of the test is selected as 3KW, and the
radiation path is designed as a circle that starts from the center of the circle on the surface of
the mudstone specimen and travels 20mm in a straight line before rotating counterclockwise.

Before the formal laser radiation, the mudstone sample is horizontally fixed on the operating
platformand the high-definition cameraisarranged near the la-ser machine tool torecord various
changes in the process of high-energy laser ra-diation of mudstone. After the arrangement is
completed, the laser radiation is carried out according to the radiation path designed in the
scheme. When the high-energy laser begins to radiate the surface of the mudstone specimen,
sparks will occur in a very short time, and the number of sparks will increase for a peri-od
of time in the process of high-energy laser radiation. When radiating mudstone samples, with
the increase of laser radiation time, high-temperature molten steam will be generated inside
the samples and under the washing action of high-pressure auxiliary air flow accompanied by
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laser equipment, the molten material produced by sintering inside the samples will be rushed
out of the holes of the samples. In addition, a large amount of smoke will be generated during
the radia-tion process. Saturated mudstone will make the melting reaction of the rocks more
intense. The resulting granular melt shoots out in all directions.

Figure 1 is an image of mudstone radiated by high-energy laser. It can be seen that there are
obvious circular laser radiation paths, and a large number of black-gray crystal materials are
generated around the paths. The black-gray crystal is translucent and dense glassy, and after
testing, the crystal has extremely high strength and most of the crystal components are silica.
White traces can be seen on the radiation path, which indicates that the mudstone components
in this area have been completely burned.

a) Dry mudstone b) Saturated mudstone
Figure 1 Morphology of mudstone radiated by laser
3. The Brazilian split experiment

In order to compare the strength of the rock samples with that of dry and sat-urated mudstone
without laser radiation, the splitting experiment is convenient to observe the perforation in the
rock samples after laser radiation. Dry mudstone, saturated mudstone and intact mudstone were
successively subjected to the Bra-zilian splitting test. The loading test was carried out by the MTS
universal testing machine. The mechanical curves of the splitting test were shown in Figure 2, 3,4 and 5.

Figure 2 Tensile strength results of dry  Figure 3 Tensile strength results of saturated
mudstone in Brazil after radiation mudstone in Brazil after ra-diation
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Figure 4 Complete dry mudstone Brazilian Figure 5 Complete saturated mudstone
tensile strength results Brazilian tensile strength results

According to the mechanical data curve of the Brazilian splitting experiment of mudstone
in two states after laser radiation,figure 2 and figure 3,indicate that the peak load of the dry
mudstone specimen is lower than that of the saturated mudstone specimen, and the tensile
strength of the saturated mudstone specimen after laser radiation is higher than that of the
dry mudstone specimen. As can be seen in figure 4 and figure 5, the Brazilian tensile strength
of intact mudstone specimen shows that the tensile strength of intact dry mudstone is
significantly higher than that of saturated mudstone. It is worth noting that the tensile strength
of radiated dry mudstone is lower than that of intact mudstone. The tensile strength of the
specimen after high energy laser irradiation was significantly im-proved. After the end of the
splitting experiment, the internal perforation of the specimen was analyzed. Figure 6 shows the
morphology of mudstone after split-ting.

Figure 6 Fracture morphology of mudstone specimen

Figure 6 shows the characteristics of mudstone perforation. It can be seen from the figure
that the perforation caused by laser is mainly reflected in the pen-etrating perforation at the
axial position. At the same time, because the laser stays on the circular path for a short time, the
perforation marks are shallow. The size of laser perforation gradually decreases from the surface
of the rock sample, and the breakdown position is trumpet shaped after breakdown. Accord-ing to
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the abnormal sound heard at the scene and the shape of the perforation, it is speculated that this
phenomenon occurred because the rock collapse occurred in the final stage of the perforation
under the action of high pressure gas and strong thermal stress. According to the details of the
image, it can be seen that the radiation inside the hole presents a round-walled layered porous
structure. Ac-cording to the high temperature conditions and the composition of mudstone, it is
inferred that this structure is formed by the gradual cooling of the radiation product under the
action of pressure, and the silicon in the radiation product is not the main element component,
the main components are calcium silicate and aluminate.

4. Microanalysis

The original mudstone before the laser radiation experiment and the mud-stone after the
laser radiation were analyzed by scanning electron microscopy (SEM). Figure 7 shows the SEM
images before and after the laser radiation.

before laser treatment after laser treatment
Figure 7 SEM images before and after laser radiation

In Figure 7, the surface of the SEM image before laser radiation is uneven, and the mineral
particles are sliced and arranged in an irregular manner similar to ocean waves, numerous
porous structures can be seen. After radiation, the SEM image is black and translucent, and the
surface is dense and smooth without any holes and cracks. The SEM morphology indicates that
laser irradiation helps in melting the rock mass where it passes and then exhibits a dense and
smooth mi-croscopic structure, it can be inferred that the strength of the rock mass can be el-
evated to some kind due to such an irradiation process.

5. Conclusion

Through the use of high-energy laser radiation drying and saturated mudstone samples,
Brazil splitting test and SEM microscopic analysis, this paper studies the damage mechanism
of high-energy laser radiation mudstone and the influence of water content conditions on the
laser radiation effect of mudstone samples. According to the experimental phenomena and data
analysis, the following con-clusions can be drawn:
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(1) High-energy laser radiation mudstone will produce very high intensity black gray
translucent crystal material in the laser radiation path.

(2) The Brazilian splitting experiment shows that the tensile strength of satu-rated mudstone
after laser radiation is higher than that of dry mudstone, and the tensile strength of saturated
mudstone is significantly improved after laser radia-tion.

(3) The radiation inside the hole after laser radiation presents a round-walled layered porous
structure, and it is found under SEM observation that the surface of the mudstone particles in
the radiation area is smooth, without any holes and cracks.
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UcceaoBaHue MeXaHU3Ma MOBPEXKAEHHUs apTUIIUTA U3/IyYeHHEeM BbICOKOIHEPTreTHYECKOT0
J1azepa

AnHoTanus. [Io Mepe TOro, Kak J06bI4a M0JIe3HbIX UCKOMIAEMBIX BBIXOAUT Ha IMIYOOKYIO CTaJHUI0,
IPOYHOCTb TOPOABbl MOBBIIAETCHA, HCIOJb30BaHHE TPALULHUOHHON MeXaHWYeCKON TeXHOJIOTUMHU
paspylieHus IOPo/bl JIETKO IPUBOJHUT K CEPbe3HOMY U3HOCY 6YPOBOI0 [10J10Ta, yBEJIMUEHUIO 3aTpaT Ha
3aMeHy cBepJia, Ipo6JieMaM C HU3KOH 3¢ eKTUBHOCTBIO pa3pylleHHs Nopobl. TexHOI0THA J1Ia3epHOro
paspylLieHus TOPHBIX MOPOJ, HCIOJb3yeT MeTOJ HENpAMOro KOHTAKTa C FOPHBIM MacCUBOM JJid
paspylieHus NOPO/bl, YTO 3HAYUTEJbHO MOBbIIIAET CKOPOCTh INIyOOKOM pa3paboTKU. B JaHHOM cTaThe
IPOBOAATCSA 3KCIEpPUMEHTBbl C HCIO0Jb30BaHUEM BBICOKOIHEPreTHYeCKOro Jiasepa Ha apru/uiuTe.
CkaHupytoLas 3JleKTpoHHasa MUkpockonus (CIM) ucnosnbsyeTcs A1 U3ydeHUs MMHePaJIOB aprUJLINTa
Jl0 U I0CJIe Jla3epHOro o6JiyyeHUs, a OpasU/IbCKUM 3KCIIEPUMEHT MO paclielJIeHUI0 NPOBOAUTCS Ha
06pasuax aprujijiuTa MnocJje Ja3epHoro UCHbITAHHUS, U OKOHYATe/JbHble 3KCIIEpUMEHTAbHbIE JaHHbIE
Y pe3y/bTaThl aHaJIM3a MMOKa3bIBAIOT, YTO MUHEPAJIbHbIE YACTULIbl aPTUJIJIMTAa MEHAIOT 1IEPOX0BATYIO
[IOBEPXHOCTh Ha IVIaJAKYyl0 J0 U IOCJe Ja3epHoro obsydyeHus. [[poyHOCTb Ha pa3pblB HAChILEHHBIX
00pas10B apTU/LJIMTA 3HAYUTEbHO NOBbILIAETCA MI0CJIe JIA3ePHOT0 00JIy4yeHus.

KioueBsbie caoBa: TexHoJsiorusi Jia3epHOT0 paspyllieHUs TOPHBIX MOPOJ, GPAa3UIbCKUNA pPaCKOJI,
C3M, anann3 MexaHW3Ma, apTUJLJIAT.
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’Korapsbl 3HeprusIbl JIa3epAiH cay/ie/ieHyiMeH ca3AblH 3aKbIMAAHY MEXaHU3MiH 3epTTey

AnpaTna. Tay-keH eH/lipici TepeH caTblFa KOTEPIJNITeH/[IKTEH, Tay *KbIHbICTAPbIHbIH 6epiKTiriapTazpl,
Tay »KbIHBICTAPbIH KOI0/bIH, [3CTYPJIi MEXaHUKaJ/IbIK TeXHOJIOTUACHIH KO/14aHy bypFbliay KallaybIHbIH,
KaTThbl TO3ybIHA, OYPFbLIay/ibl aybICThIPY MIBbIFbIHAAPBIHBIH 6CYiHEe KoHe Tay KbIHbICTAPbIH *KOI/JbIH,
TOMeH THIMAiJIiriHe akeJsiezii. Tay *KbIHbICTApPbIH JIa3€PMEH K010 TEXHOJOTUACHI TAY KbIHBICTAPbIH KO0
YIUiH Tay KbIHbICTAapbIMEH >XaHaMa 6al/IaHbIC dJiCiH KOoJAaHabl, OYJ TepeH Urepy »bl1JaM/bIFbIH
efoyip apTThipaZbl. bys Makajaza >KoFapbl 3Heprusijibl Oa/IbIK Ja3epiH KOJJAaHY apKblJbl
3KCIepUMeHTTep Xyprisinezi. CkaHepJieyii aieKTpoH/ bl MUKpockonus (CIM) na3epJiik caysiesieHyre
JlediH KoHe OoJlaH KeWiHri cas3apl MUHepaJAapAbl 3epTTey VIUiH KOJIAaHbLIaAbl, ajl bpasuausibik
bI/IbIpAy 3KCIEPUMEHTI Jla3epJliK CbIHAaKTaH KeHiHTi ca3zbl CblHaMaJjapJa KYprisizefi »koHe COHFBbI
IKCIIEPUMEHTTIK JilepeKTep MeH Tajlfjay HOTHXKeJlepi ca3/ibl MUHepaJ/iAibl OeJleKTepAiH epeckes 6eTTi
Jla3epJiiKk cayJiesieHyre JieiiH »koHe oJlaH KelliH Teric 6eTKe aybICThIpaTBIHBIH KepceTeAi. JlazepJiik
coyJ/ieJleHy/leH KelliH KaHbIKKaH apryJIJIUT YJTiJIepiHiH CO3bLIY KyIli alTap/blKTal apTazbl.

Tyiin ce3gep: Jlazepsiik Tay *KbIHBICTApbIH KOK TEXHOJIOTHUACHI, Opa3uNUsbIK criuT, CIM,
MeXaHU3M/I Tanzay, apruijInT.
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CoBeplIeHCTBOBAHHE KOMILIEKCHO MeXaHU3allMi U aBTOMAaTHU3aLUU
MOrpy304YHO-Pa3rpy304YHbIX padbOT IPH ONEpUPOBAHUU TBEPAO-
OBITOBBIMHM OTXOJaMH
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AHHOTanusA. AKTYaJIbHOCTb JJAHHOU CTaTbU COCTOUT B TOM, YTO B HAUIU JHU 06-
pa3oBaHHe OTXOJ0B CTaJO IJIobalbHOU MpobJieMol. B HeaBHEM MPOIILJIOM POCT Ha-
ceJIeHUS1 3aMeTHO YBeJIMYUJI CKOPOCTh 0OPAa30BaHUS OTXO/[0B, a €ro YTUJAU3ALUA U
yIpaBJieHUe NPe/CTaBJSIOT COG0M Cepbe3HYI 3KOJIOTHUYECKYI0 MpobJieMy BO BCEM
mupe. [log ynpaB/ieHHeM OTXOZaMH MOHUMAKT KOMILJIEKC MEPOIPUSATUH 10 COOpY,
COPTUPOBKE, TPAHCIOPTUPOBKE C NpUMeHeHUeM 3P PEKTUBHON KOMILJIEKCHON Mexa-
HM3alMU ¥ aBTOMAaTU3AIMH ITOTPYy304YHO-Pa3rPy304YHBIX paboT. Llesb JaHHOU cTaTbhU
COCTOHUT B TOM, YTOOBI U3YUYUTh CaMble COBPEMEHHbIE METO/bl KOMILJIEKCHON MeXaHU-
3allM{d U aBTOMAaTH3aliU MOrPy304HO-Pa3rpy30yHbIX paboT Npu c60pe, COPTUPOBKE
Y MepeBo3Ke TBEPA0-6bITOBBIX OTX0/[0B. JIyYIIMM METO/IOM AJIs U3yYEeHUs 3TOU IMPo-
0JIEMBI SIBJISIETCS METO/], aHA/IN3a, OH JaéT BO3MOKHOCTb HCCIe[J0BaTh MaKCUMaJIbHOE
KOJIN4eCTBO UCTOYHHUKOB AJisl MPeA0CTaBJeHUs JyYlIMX pe3yJbTaToB. B cTaThe u3y-
YalTCS NOCJEJHUE NOCTHXKEHUSI B 3TOMU 00J1aCTH, TAKUE, KaK METO/Ibl aBTOMAaTH3all1H,
reorpaduyeckast MHpopMalMoHHas cucrtemMa u GPS, n1rucTaHIMOHHOE 30HIUPOBaHUE,
MEeTO/bl CUCTEMHOM WHXXEHEPUH, HAaNboJiee MPpUMeHsieMasi B pa3BUThIX CTPAHAX MTHEB-
MaTH4yecKasi CHCTeMa TPAaHCIIOPTUPOBKHU OTX0/I0B, a TAKXKe MpeaJiaraeTcsa MojieJib Ho-
BOTO MyCOPOINPOBOZA MHOTO3TAXKHBIX, BBICOTHBIX KHJIBIX M O06OLIeCTBEHHBIX 3/[aHUH.
Ananus nokasaJ, yTo npunoxeHus: GPS B 0CHOBHOM UCIOJIb30BaIUCh JJIS1 OTCIEKHU-
BaHMs MYCOPHBIX 6AKOB U TPAHCIIOPTHBIX CPEACTB AJIs1 c60pa Mycopa, YTOObI KOHTPO-
JINPOBaThb BpeMs U MecTo cbopa. MeTobl GPS u TUC BMecTe paboTaroT Jydllle, 4eM
OT/leJIbHO. A THeBMaTHU4YeCKas CUCTeMa TPAHCIIOPTUPOBKHU OTXOJ0B UMeeT Psi/f Cylile-
CTBEHHbIX HEJIOCTATKOB, KOTOpPblE MOXHO UCIPABUTb, UCIIOJb30BaB HOBYI MO/JeEJb
MyCOpPOINPOBOJA MHOTO3TAXKHBIX, BBICOTHbIX KUJIbIX U 00111€CTBEHHbIX 3/JaHUH.

KiilouyeBble C/J10Ba: KOMMYHaJslbHble OTXO/bl, COPTUPOBKA MyCOpa, TPaHCIOPTH-
pPOBKa OTXO/10B, TBEP/10-ObITOBbIE OTXO0/Ibl, MECTHOE YIIPABJIEHHE OTX0/[aMHU.
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1. BBeaenue

C exxerofiHbIM pOCTOM YHCJIEHHOCTH HaceJieHus, 1o oleHkaMm, k 2050 roay Bo BceM Mupe
OoyzeT npoxuBaTh 9,9 MuIMapza desoBek [1]. ITOT pocT HacesleHHUS NOCTABUJ MOJ, YTPO3y
BO3MOXXHOCTb TOPOJ0OB KayeCTBEHHO YNPaBJSATb TOPOACKHMH TBEPAbIMU OBITOBBIMU
orxoaamu. K 2050 roay 6osiee 50% Bcero HacesieHMs MUpa Oy/leT NPOKUBATbh B FOPOJACKUX
paioHax [2]. 3To pacTyllee HaceJeHHe 3aMeTHO YBEJIMYNJIO CKOPOCTb IPOU3BO/ICTBA OTXO/I0B
B HeJlaBHeM npouwioM. Hanpumep, no faHHbIM BceMupHoOro 6aHka, 06111as cymmMa 06pa3oBaHUs
TBO noyTH yABOMJIACH 3a MOCJAeAHee AecATUleTre 10 1,2 Kr B IeHb Ha AyLlYy HaceJeHUd C
0,64 kr. B oTueTe TakKe NPOrHO3UPYyeTCH Ja/IbHeHllee yBeJudeHre IPOU3BOCTBA TBEPAbIX
oTxo0B Ha 20% k 2025 roay. B HacTosi1iee BpeMs ropojia Mupa npousBoAAT 6oJiee 1,3 Map,
ToHH TBO B roa. [IporHosupyetcs, 4To 3Ta nudpa yBeanuutcs Ha 100% B 2030 roay u3-3a
6bICTpOM ypbaHHU3aL MU U U3MEHEHUs MoJiesiell ToTpebJieHUs U o6pasa )KU3HHU [3].

[IpobsieMa sB/seTCA Cepbe3HOW B pPa3BUBAWILUXCA CTpaHax, IAe NpOoXUBaeT OoJee
CEMU/IECATU MPOLEHTOB BCETO HaceJiIeHUs MHUpa H3-3a ObICTPOrO pOCTa HacesJeHUs H
ypOaHH3aL UK, OTCYTCTBUS GUHAHCUPOBAHHUSA U MOJUTUKH, a TaKXKe MJIOXHUX U HEPETY/ISPHBIX
YCJYT MO YNpaBJeHUI0 OTX0AaMHM [4 - 6]. DKCIOpT Mycopa M3 XUJIbIX, aMUHUCTPATHBHBIX
M KOMMEpYEeCKHX MPOCTPAHCTB B TrOpOJlaX CYUTAETCS HEOOXOAHWMON JIOTUCTUYECKOU H
onepaTUBHOM 3a/jayell. YipaByieHMe 0TX0JaMH, KaK IPaBUJI0, CYUTaeTCcsA QYHKL el paiOHHOr O
caMoynpaBJieHUs] U HepeJKo fIBJSETCS OOJIbLUIMM OI0/P)KeTOM MeramnoJsidca. B 3HauuTebHOU
Mepe yIpaBJieHHe CTPEMUTEJNbHBIM POCTOM OOBEMOB OTXOJOB BO MHOI'OM HaxOJUTCS B
3aBUCMMOCTH OT TEXHUYECKOTO OCHAIlleHUs CUCTEMbI TOpPOJCKOr0 XO3SMCTBa, KOTOpas
3aHsTa yAaJeHUeM U3 TOPOJCKON 3KOCUCTEMbI BCeX 00pa3yOUIMXCS OTX0/I0B NIPOU3BO/ICTBA
U norpebseHud. TeXHUYeCKUM OCHalleHMEM B IMpeJOCTaBJeHHOM CJiy4ae CUYMUTAEeTCs
NPUCYTCTBUE B JOCTAaTOYHOM 4YHCJIE OCHAIEHHbIX MyHKTOB COOpa OTXOA0B, TPAHCHOPTHBIX
CpeAcCTB JJii UX NepPeBO3KH, MyCOpPONEepPerpy304YHbIX U MYCOPOCOPTHUPOBOYHBIX CTAHLMMU,
NOJINTOHOB cOepeXkeHUs ¥ 3aXOPOHEHHUS 0TX0/I0B, KBaJUPUKaLUs COTPYLHUKOB U T.[.

Jlns coBeplIeHCTBOBAHUSA KOMIIJIEKCHOW MeXaHU3alMU U aBTOMAaTH3aLUU MOTPy304YHO-
pasrpy304YHbIX pabOT, NpPpU ONEPUPOBAHHUM TBEPZO-OBITOBBIMU OTXOJAaMHU PacCCMOTPEHO
NpUMeHeHHe MeTOJO0B CUCTEMHOW HWHXXEHEPUH, AUCTAaHLUUOHHOro 3oHAupoBaHus, [HUC
n GPS, nHeBMaTHyecKkol cHUCTeMbl TPAHCIOPTUPOBKMU OTXOZAOB, a TaKXe MOJesJb HOBOTO
MyCOpPONPOBO/Ia MHOTO3TAaXXHBIX, BBICOTHBIX >XWJIbIX U OOLeCTBEHHbIX 3JjaHUi. BBegeHue
B 3KCIUIyaTallMl0 JAAHHbIX METOAO0B U TEXHOJIOTHI MO3BOJIUT MOBBICUTh 3PPEKTUBHOCTh U
ONTHUMHU3UPYeT NOrPY304YHO-pPa3rpy304Hble pabOThbl NpPU COOpe, COPTUPOBKE M IepeBO3Ke
TBEPJ,0-ObITOBBIX OTXO/,0B.

2. MeToaoJiorus

B 0oCHOBY JaHHOW Hay4yHO-HUCCAeA0BaTeJbCKOH, PyHAaMeHTaJbHO U3y4YeHHOW pPabOThI
JIETJI0O KauyeCTBEHHOE, HaJle)XHOe COeJMHEeHHEe IMPOBEPEHHBIX TEOPETUYECKUX METO/I0B
(aHasM3, CUHTE3, KOHKpeTHU3alus, 060611IeH1e, MOAEJTUPOBAHUE), U IMIIUPUYECKHUX METOZ0B
(u3ydyeHue onbiTa pabOThl MUPOBBIX OPTaHU3al[Mi U UX ONBIT B IAHHOW WUJIM MIOX0XeH chepe C
IpHMEHEHUEM CXOXKHUX MaTEPHUAJIOB).
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TeopeTuyeckyro 6a3y JaHHOM Hay4yHOW pabOThl COCTABJASAKT MPEeUMYILeCTBEHHO
TeMaTU4YeCKUe  HCC/IeloBaHUs,  COCTOSI[Me M3  HAy4YHO-MPAKTUYECKHX, HAy4HO-
MCCJIeJOBATEIbCKUX U 0030PHBIX HAYYHBIX CTAaTeH, BKJIIOYAIOIINE B Ce651 9KCIEpUMEHTAJIbHbIE
METO/bl. AHA/IN3bI, CTATUCTUKHU U IPOYHe BU/bI paGOT 3apyOeKHbIX UCCIeJ0BaTeNeH, B3 ThIX
13 0QUIMATBHBIX UCTOYHHUKOB C JJOCTOBEPHOU MHPOpPMaLMel, HapaBJeHHbIX HA U3y4YEeHHE
60JIBLIOr0 psiZia MPOGJEMHBIX BONPOCOB, C KOTOPBIMH MOXHO CTOJIKHYTbCSI B IpoOIiecce
IPUMEHEHHSI OCBEIleHHbIX METOZOB, CBSI3aHHBIX C YNpPaBJIEHUEM TBEPJbIMH OBITOBBIMHU
OTXOZaMH U UX cllelupUKaIuen.

[IpeacraByieHHas paboTa Oblyia BBIIOJTHEHA B TPY OCHOBHBIX 3TaMNa:

[logroroBsieHa OCHOBHasl TeopeTHYecKas 6a3a, HA aHaJU3e KOTOPOU CTPOUTCS OCHOBA
JUIs JaJbHEHIIMX BbIBOOB. Ha mepBoM 3Tame HAy4yHOro HCC/A€OBAaHHS OblI BBINOJHEH
MOUCK U aHAIW3 PA3JIMYHBIX JJOCTOBEPHBIX UCTOYHUMKOB MHopManuu. Beuio paccMoTpeHo
60JIbIIOE KOJIMYECTBO MHGOPMALMOHHBIX PECypPCOB, JAHHbIE W3 KOTOPBIX OBLIM HU3y4YeHbI
M CHCTEMAaTHU3WPOBAHbl JJIS1 YIPOLIEHHOro, OBICTPOrO M KayeCTBEHHOrO0 MOHWMAaHMUS
uHpopmanuu. BeT Mpor3Be/leH CHCTEMHBIM aHAJM3, KOTOPbIM BKJIIOYaJ B ce6s1 MOAPOOHOE
M3y4eHHe BO3MOXHBIX METO/I0B KOMIIJIEKCHOM aBTOMAaTHU3aLMH U MeXaHU3al[u1 OrPy304HO-
pa3rpy304HbIX paboT, IpU c60Pe, COPTUPOBKE U NIEPEBO3KE TBEPAO-OBITOBBIX OTXO/I0B.

BbINOJIHEHO aHAJMTHYECKOe CpaBHEHME U YIVIyOJieHHWe B MaTepHasibl U3yYeHHBbIX paboT
JIPYTUX YYEHbIX, CDABHEHHE UX MEXAY CO00i. B Gosblnelt Mepe B HUX BXOJAWJIM CTaTUCTHUKA,
TeopeThyeckass MHGOpPMalMs U ONHUCAHUS ONbITA NMPUMEHEHHUs PA3/UYHBIX METOJOB U
TEXHOJIOTUM KOMIJIEKCHOM MeXaHW3alUM W aBTOMAaTH3alMU MOTPYy30YHO-PA3TPy30YHBIX
paboT mpu c6ope, COPTUPOBKE U NepeBO3KE TBEPAO-OBITOBBIX OTXO0J0B. AHAJIN3HUPOBAJIUCH,
IPOBEPSJIMCh U YTOYHSJIMCh BBIBO/IbI, TOJTYYEHHBIE B XO/I€ UCC/IE€J0BATENIbCKON PabOTHI.

[IpoBeseHa mnpopaboTKa MaTepUasoB, YTOUYHEHbI TEOPEeTHYECKHe M INpPaKTHUYeCKHe
BbIBOJIbI, 00O0OILIEHbl, MPOBEPEHbl, W CHUCTEMATU3UPOBAHbI IMOJIyYeHHbIE J[aHHBIE.
Pe3ysibTaThl, MOJy4eHHbIE B X0/ie JAHHOTO NMPOBEIeHHOT0 HAyYHOTO MCCJIEeJOBAHUS, a TAKKe
chopMynMpoBaHHbIE HA UX OCHOBAHUHU BbIBO/IbI, MOTYT OBITh MCII0/Ib30BAHBI B IA/IbHEHIIIEM KaK
s¢dexTUBHAS Hay4yHas 6as3a [l U3yYeHUsI U IPUMeHEHNs] HOBBIX U YCOBEPILIEHCTBOBAHHBIX
10 MHOT'MM NTapaMeTpaM MEeTO/0B U TEXHOJIOTUH MeXaHU3aI[MH1 U aBTOMATHU3aLMH IOTPY3049HO-
pasrpy304HbIX paboT MPU cO0pe, COPTUPOBKE U TPAHCIIOPTUPOBKE TBEPL0-6BITOBBIX OTXO/I0B.

3. Pe3yabTaThl U 06CYKAEHHE

B nocinenHee BpeMs [Jisl pelleHUs 3KOJIOTUYECKHUX MPOO6JIeM UIMPOKO HCIOJb3YHOTCS
pas3JinyHble MOJeJ M CUCTEMHOW UHKeHepuu. Hampumep, Mmogenu uccieoBaHUsA 3aTpaT U
BBIT'0J], UCMOJIb30BAJUCh JJiS OLeHKH IOJIOKUTEJNbHbIX U OTPULLATEbHBIX 3KOHOMUYECKHUX
nocnencTBuil. OTAesnbHass MoJieslb aHa/M3a 3aTpaT M BbITOJ, MOXET Ipeobpa3oBaTh
3KOJIOTUYECKHE acleKThl B GUHAHCOBbIE yCa0BUSA. MoJenn ONTUMU3AL MU KCIO0JIb30BaINCh
JUISL TIOJIy4YeHUs HAWJy4yllero pellleHusl CcpeJd HEeCKOJIbKHX BapUaHTOB C y4eTOM Habopa
nesen. C. llimenes u Jx. [layann [7] npeAcTaBUIM aHa/JIUu3 MHOTOKPUTEPUATbHON MOJENU
ONTUMM3AIUHU JIJI51 AOCTUKEHUS LieJ1d ycTordruBoro oopaiteHus ¢ TBO (TBEpABIMU ObITOBBIMU
O0TX0JjJaMH) B peruoHasibHOM Macuitabe. [logxo/ yuuThIBaJ NPOCTPAHCTBEHHOE U BpEMEHHOE
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pacnpeesieHue Npou3BoAcTBa U nepepaboTku TEO. KpoMe Toro, oH paccMoTpes pruHAHCOBOE
M 3KOJIOTHUYeCKOe BO3JeHCTBHe Ha 6Mopa3Hoobpasue U Osaromnosy4yue. TUNUYHAA MOAeEJb
ONTUMHU3ALHUU COCTOUT B OCHOBHOM M3 LieJiIeBOM QYHKLMU U HEKOTOPbIX OrpaHUYeHUH, IPU
KOTOPBIX MOJleJIb paboTaeT.

Mogziesin NporHo3MpoBaHMUs MCIOJIb30BAJIUCh [JIS1 ONMCAHUSA IIOTOKOB OTXOZLO0B U CO3JaHUA
CUCTeMbl KOHTPOJIBHBIX JJAHHBIX JJI COOpa JaHHBIX O BEPOATHOM OOpa30BaHUM OTXOZOB U
JPYTUX CBA3aHHBIX [lepEMEHHBbIX, TaKUX, KaK YHUCJIEHHOCTb HaceJ/IeHUs, YPOBEHb J0X0Ja U
pasMep [OMOXO3MCTBa. A MOJeJd pa3pabOTKH CLeHapueB MUCMOJIb30BaJUCh JAJS CO3JaHUs
TeopeTHUYECKUX IPYII COObITUH, CO3/JaHHBIX [JIJIS1 TOT'0, YTOObI COCPEZ0OTOUYUTHCS Ha OCHOBHBIX
IpPOrpeccusx U TOYKAx CYXJeHHUA. ITH MOJeJIM MOTYT MCCJIeL0BaThb COOBITHSA, CB3aHHbIE
c obpalleHHeM C TBepAbIMU OTXOJaMU. UHCTPyMeHTbl U MOJEJU OLEHKU BO3JEeWCTBUS Ha
OKpYXaILyI0 CpeJlly HCIOJIb30BJIMCh [AJI NPAKTUKUA INPUHATUA pelIeHWH, KacarmUiyxcs
JleICTBUH, KOTOpble MOTYT HOBJIMATbL Ha OKpyXarlyo cpeay [8]. UHCTpyMeHThI colMaibHO-
3KOHOMHUYECKOHW OLIEHKU COCTOAT K3 KOMIBIOTEPHBIX MOJeJied, KOTOpble IPHUMEHAIT
CKOOPAVHHUPOBAHHYK) pbIHOYHYIO CTpaTervi JJs CUCTEM VIIPAaBJEHUSA OTXOJaMH. IJTHU
MOJleJIM TIO3BOJISJIM YYUTBHIBATh COOPBI 3a NMPOAYKLHMIO, KPeAUThl Ha NepepaboTKy U COOPHI
C MM0JIb30BaTeJied NpU NMPUHATHU pelieHUH B cucteMax THO. B TUnM4HOM MozgennpoBaHUU
obpalleHus € 0TXOAAMHU JJaHHble O TBEP/bIX OTX0/|ax CHaya/1a COOMPAIOTCA JJisl CO3J4aHUSA 6a3bl
JlaHHBIX, a 3aTeM BbINOJIHAETCS pacliMpeHre 6a3bl JaHHbIX, 32 KOTOPBIM C/Ie/lyeT BBOJ, JaHHbIX
BO BXOZHbIe (ai/ibl. 3aTeM MO/leJ1b aHAJIU3UPYeT BXOHble (paiibl /1 NOJTy4eHHUS pe3yJIbTaTOB.

06bem npousBogcTtBa THO yBesiMunBaeTcs ¢ poCTOM HacesJleHUsl U NOTpebJsieHUs], U 3TO
SIBJIIETC OCHOBHBIM (PAKTOPOM YCTOMYMBOI'O pOCTA M CTPATErM4ecKoro IJaHWPOBAHUS.
OpHako mnpaBuJibHasg oOLeHKa npousBoacTBa TBO dBasgeTca ca0XHOM 3azaded H3-3a
HEeCOIVIaCOBAHHOCTU CUCTeMbI U GaKTOPOB, 3aBUCALIMX OT BpEMEHH, TaKUX, KaK COLMAJIbHO-
9KOHOMHUYECKHE U JeMorpadpuyeckve KpUTEPUU. ITO OCOOGEHHO CJ0KHO B Pa3BUBAIOLIMXCS
CTpaHax, I/le corylacoBaHHasA MHPOpManus 06bIYHO HEJOCTYIIHA, a OLleHKAa OTX0J0B OOBIYHO
IPOBOJUTCSA C MOMOLIbI HCCAeJOBAaHUKW OObEMHOrO Beca WJIM MaTepHhaJbHOro 6asaHca.
OfHaKoO 3TH CHCTeMbl HEJIOCTATOYHBI AJI TOYHOU OLleHKU 00pa3ymoIUuXCc OTXOAO0B. TakKUM
06pa3oM, HeOOXOAHWMO MCIOJIb30BaTh HeJMHEWHble METO/bl, TaKHe, KaK MCKYCCTBEHHBIU
WHTEJJIEKT, JJi IMpPOrHO3UPOBAHUA HajJiexxallero obpasoBaHUs OTXo4o0B. Haasexalee
yIpaBJieHHe CXeMOU 00palleHus C 0TX0AaMU HE0O6X0UMO /1Sl NOALEPHKKHU KaK OKpY»Karolen
cpeApbl, Tak M 6s1aronosy4yus 4esoseka. A. [lupec n ap. [9] npeacTaBuIn cucTeMaTU4YeCKUU
0630p JIMTepaTypbl MO pPa3JIMYHbIM METOJaM CUCTEMHOI0 aHa/u3a, TaKMM, KaK MOJEeJU U
MHCTPYMEHTHI /1JI1 OpTaHU3al MU OTXOA0B B eBPOIIeMCKUX CTpaHax. PacciiefoBanue nokasaso,
YTO MHCTPYMEHTBbl U MOZEJU CUCTEMHOrO aHajJu3a JAaZyT BO3MOXXHOCTb pa3paboTaThb
yJydllleHHble TOAXOAbl YINpaBJeHUs ObITOBbIMM OTXOZAMHM, BeAylihe K COOTBETCTBUIO
NIOCJIeJHUM KOHTPOJIbHBIM NoKa3aTesAM EBponerickoro Corosa.

B cucremax yCTOMYMBOIO VyIpaBJeHUA OTXOAAMH HWHCTPYMEHTbl OLIEHKU CHUCTEMBI
UCNOJIb3YIOTCA JJis cbopa M NpeJsoKeHUs TIOTOKOB [JaHHBIX, /JJis paclo3HaBaHUs
9KOJIOTUYECKUX 3PPeKTOB B CXeMe YCTOWYMBOIO YINpaBJEHUS OTXOJaMH, CBA3aHHBIX C
nepeMelleHMeM TOKCHUHOB, [JJI1 OLEHKM CTpaTeruyd ynpaBJieHUS OTXOJAMH, AJI OLEeHKHU
BapUaHTOB pelleHUd NpoOJieMbl, IPUHUMAs M OLleHHWBAs 3Tallbl NPOU3BOJCTBA OTXOJO0B

60 N21(146)/ 2024 JLH. ['ymunes amoindarel Eypaszus yammuoik yHueepcumeminiy XABAPILBICHI.
TexHUKAIbIK FbLALIMOAD JHCaHE MEXHOA02USIAAP CePUsIChl
ISSN: 2616-7263. elSSN: 2663-1261



CosepuieHcmB80o8aHUe KOMN/AEKCHOL MeXaHu3ayuu U agmomamu3ayuu no2py304Ho-pas3zpy304HblX pabom
npu onepuposaHuu meepdo-6bimogsimMu omxodamu

OTHOCUTEJIbHO NepcneKTuB. HccnenoBaTesM BO BCeM MHpPe MCIOJIb30BaJu pa3J/IMYHble
MeTOAbl ONTHMU3ALMM, TaKue, KaK CMellaHHOe LeJIOYUCIeHHOe IpPOorpaMMHUpOBaHUe
M HeyeTKOe MapaMeTpuyecKoe MOJeJMpOBaHUe, JJisl pelleHUsi Npo6JieM YCTOMYHUBOIO
yIpaBJIeHUs OTXOaMU B yCJI0BUAX CJI0KHOU HeonlpeieJieHHOCTU. COBMeCTHOE UCII0JIb30BaHUe
MHQPOPMAIIMOHHBIX U KOMMYHHUKalIMOHHbIX TexHosorui (MUMKT) u MeTonoB onTUMHU3aL MU
YCTOWUYUBOTO ynpaBJieHUs oTxoAaMu (YYO) cBeZeT K MUHUMYMY yIpaBJieHYeCKUE YCHUJIMS,
BpeMs, 3aTPaThl U BbIOPOCHI 3arps3HAOLIMX BEILECTB.

IPdeKTUBHOCTD CXEMBI OPTaHU3ALMU OTXO/L0B MOXKET ObITh yBeJIMUEHA 32 CYE€T HAUJIYUILEro
MCIOJIb30BaHUSI MHGOPMAIMOHHBIX U KOMMYHUKALMOHHBIX TexHoJorui [3]. CyiecTByOT
pasanyHble cucTeMbl Ajs ucnosab3oBanusa UUMKT B ynpaBienuu otxogamu [10], Hanpumep,
CHUCTeMbl, OCHOBAaHHbIE HAa TEXHOJIOTUSAX XPaHEHUS JAHHbBIX, B KOTOPBIX JATYUKH PACCTOSHUSA U
M300pakeHus YCTaHABJIUBAIOTCS B MyCOPHbBIX OaKaX, CHCTEMbl, OCHOBAaHHbIE HA TEXHOJIOTHUSX
KJacCuPUKALIMYU, B KOTOPBIX METKHU CO UITPUX-KOJAOM KpPEensATCsd HAa MYCOpPHble Gaku AJs
OTCJI)KMBAHUSA U CUCTEMbl Ha OCHOBEe TeOlPOCTPAaHCTBEHHBIX TEXHOJIOTUH, B KOTOpPBIX /I3
(AuctaHuMOHHOEe 30HAMpoBaHue), GPS (cucrema rnob6asbHOro nos3unuoHMpoBanus) u 'MC
(reovHdopManMOHHAsA CUCTEMA) HCHOJB3YIOTCA [Jisl OTC/HAEXUBAHUS MEeCTOIOJIOXKEHUS
MYCOPHbIX 6aKOB. ITH TEXHOJIOT MU TAKXKe UCI10JIb30BaIUCh /JIJ1s1 BbIOOpA MeCTa, JIaHUPOBaHUS
U OLIeHKM OTXOJ0B, ONTUMU3ALMU MapuipyTa U cOOpa, OTCJAEKHWBAHUSA TPAHCHOPTHBIX
CPeZCTB U OLEHKM BO3JEWCTBHA Ha OKPYXalllyl cpefy TexHOJIOrMU Iepefadyy JAaHHBIX
0OBIYHO UCIOJIL3YIOTCS BO BCEX BblILIENEepPeYHCIEHHbIX CUCTeMax JJisl 00J1eryeHus nepesadu
06paboTaHHbIX JaHHbIX, Tporpecc B UMKT U ceHCOpHBbIX TEXHOJIOTUSAX CJle/1al MTHOBEHHbIN
MOHUTOPHUHI MYCOPHBIX OaKOB 60Jiee YJ0OHBIM U OCYLLeCTBUMBbIM.

KocMmuyeckue anmnapatbl /I3 3eMJM UCHOJIB3YIOTCA AJI U3YYEHUA NPUPOLHBIX PECYpPCOB
IJIaHeTbl U pellleHUs13a/ja4y METEO0POJIOTUH. lUCTaHIMOHHOE 30HAMPOBAaHHNE 0OBIYHO OTHOCHUTCS
K3)PeKTHBHOMY UCII0JIb30BAHUIO JOCTHXKEHU M 60PTOBOI0 0OHAPYKEHUSA 00'bEKTOB Ha 3eMJIE,
v3/ajieka, NoCcpeACTBOM Nepesadyy CUTHaJja co cnyTHUKOB. Mcnosb3oBanue /I3 B YYO 6bL10
CAeJIaHO JJI pa3MelleHUs MOJMIOHOB /Il 3aXOPOHEHUS OTXO/0B, OLLeHKHU 3KOJ0THYeCKOr o
BO3/IE€MCTBUS OTXOJOB U MOHUTOpHHra noauroHoB. K. Aur u ap. [11] paspaboranu cxemy
pa3MelleHUs1 MOJUIOHOB MyTeM HU3y4YeHHs BbIOPOCOB OT MOJIUTOHOB JJisi 3aXOPOHEHUs
O6BITOBBIX 0TX0A0B. UccneoBaTenu ucnosib3oBanu 6a3y ganHbix ['MC B coueTanuu c /I3 pas
NATH CBAJIOK B TOPOJCKUX parioHax roposoB Cywxoy v Ycu B Kutae. Panee M. Osiyuk u fp.
[12] ncnonp30Baiy CyTHUKOBbIE JaHHbIE U a3POPOTOCHUMKHU [JiSl U3YYEeHUS MOAXOASALNX
MeCT 3aXOpPOHEHHS OTXOAO0B B NOJ3eMHBIX Kopuzaopax. [losxe yyenole NASA ucnosib30Baau
JlaHHbIE, TI0JIyYeHHBbIEe C II0JIEBBIX JAaTYUKOB U CIYTHUKOB Aqua U Terra, /11 9KOJIOTUYECKOTO
ucciaenoBanus. OHY U3YYUJIA COCTOSTHUE 3arpsA3HEHUA U BOCCTAaHOBJIEHUSA /151 9KOJIOTUYeCKOU
OLeHKH 3aXOPOHEHHUS OTXOZ,0B.

[lnaTdopmareorpadpryeckux JaHHbIX Bbl/ieJIs€TCS Cpeiu HanboJiee IUPOKO UCI0JIb3yeMbIX
YCTPOUCTB [AJis1 HabJiofeHUs 3a reorpadpudyeckod MHPoOpMaluel, TakxXKe HCHO0JIb3yeTCs
B 6ojiee y3KOM CMbICJe KaK HUHCTPyMeHT (IpOrpaMMHOTO MpPOAYKTa), MO3BOJISIOLUM
110J1b30BaTeJISIM UCKATh, aHAJIM3UPOBATh U PeJaKTUPOBATh KaK IUPPOBYIO KapTy MECTHOCTH,
TaK U JONOJIHUTEJbHYI0 UHPopMaLuo 06 o6bekTax [13]. TMC mMpoko ucnosb3yeTcsa AJis
pelieHus1 pas3andHbix npobsem THO. Yamie Bcero oHa HCNoOJIb3yeTcs [AJs pa3MelleHUs
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IOJIMTOHOB Y MEePerpy304HbIX cTaHU UK. A. O3KaH U Ap. [14] roBopusu 06 ucnosb3zoBanuu 'MC
JlJ1s1 IPOTHO3UPYyEeMOro MJIaHMPOBaHHUSA HAa OCHOBE JIaHHbBIX U ONTUMU3AlUY MapUIPyTU3ALUH.
UccnepoBaTend TakKe MUCIOJb30BaJM MeETOLOJIOTUIO, CcBA3aHHyw ¢ ['MC, gna oueHku
npousBogcTBa TBO c ydyeToM MecTHbIX JeMorpadpuyecKkux M COLHAJIbHO-3KOHOMUYECKHUX
faHHbix. H. Kapagumac u ap. [15] ucnosib3oBanu OTC/leXHMBaHWE aBTONAapKa C MOMOLIbIO
NPOCTPAaHCTBEHHO-BpeEMEHHOro aHasu3a B cpefie [MC a5 pa3paboTku cTpykTyphbl YYO ass
pacyeTa 06LUX PACXOA0B U KU3HECTTOCOOHBIX BAPUAHTOB.

[eonpocTpaHCTBeHHbIE METOJbl NOCTENEHHO HCHOJIb30BaJIUCh B TeYeHHEe NOCIeJHUX
HECKOJIbKUX JeCATUJIETUM B KadeCTBE OCHOBHOIO MHCTPYMEHTa NPOCTPAHCTBEHHOTO
pelleHUsA AJis pa3MelleHUs CBaJIOK. bbliv npesioKeHbl pa3JiIMyHble OAX0Abl U METO/bl Ha
ocHoBe 'MC g4 oLleHKY OAXOAAIIMX CBAJIOK. B HEKOTOPBIX UCC/IeJOBAaHUAX UCII0JIb30BaIaCch
MHOTOKpUTepHaJibHas olleHKa Ha ocHoBe ['MC. B. 3esieHoBUY U Ap. [16] Mcnoib30Baiv TEOPHIO
HeuyeTKHUX MHOXecTB B cpezie 'MC. B [8] Bbilmo/iHEHO MPOCTPAaHCTBEHHOE HCCJeJJOBaHHe Ha
ocHoBe 'MC c onTUMH3aLlMOHHOM MO/eJ/IbI0 AJIS Ope/eIeHUsI MECTO0JIOXKEHU S MOAXOA AL EeN
IJIOILAJIKK /I pa3MelleHUus MNYHKTOB BbIBO3a Mycopa. bsaromapsa cBoed npocToTe
B3BellleHHasl JIMHeWHasd KOMOWHaLUs fBJSETCS LHUPOKO PaCHpoOCTPaHEHHbIM METO/0M
MHOTOKPUTEPHAJTbHOU OLIEHKHU.

Tak>ke cyleCcTBYIOT UCCJIeJOBAaHUSA IeONPOCTPAHCTBEHHOTO METO/a C 11e/IbI0 ONITUMU3aL U1
MaplipyTa cb6opa OTXOJ0B, KOTOpass MOET ObIThb MpOBeJeHa C MCIOJb30BaHUEM MeToJa
Ha ocHoBe ['MC co cxeMOl MOHHUTOpPHUHIA IPy30BUKOB, aHa/iu3 cetu ['MC gy onTuMuUsanuu
MapuipyTa C IeJbl0 MUHUMM3AIMM pacxoja TOIJIMBA OOLIECTBEHHbIM TPAHCIOPTOM H
COKpallleHHUs1 BbIOPOCOB YIJIEKUC/IOTO ra3a, TPEXMEPHOE UCC/e/JOBAHHUE NMPOCTPAHCTBEHHbIX
JlaHHBbIX Ha ocHoBe ['MC g1 MUHMMH3aLMU UCIOJb30BAaHUA TOIJIMBA 3a CYET COKpaLleHUs
MapupyTa, ucnosb3zoBaHue 'MC g5 onTUMaibHOTO BbIOOpA MeCTa PacloIOKeHUsI MyCOPHBIX
6aKOB U pa3MellleHUs OTX0/0B JI/I1 UX MAaKCUMaJIbHOI'0 UCII0JIb30BaHUS.

GPS cran 6osiee mnosiesHbiM B codeTaHuu ¢ TexHosorusamud ['MC. CTaso BO3MOXHO
MCNO0JIb30BaHUe NpueMHUKa GPS, ycTaHOBJIEHHOrO Ha TpPy30BHUKEe, U NPOCTPAaHCTBEHHOM
ucciaefoBaHud Ha ocHoBe ['MC pgaa cbopa mNpoCTpaHCTBEHHOM UWHopMauuu AJs
KapTHPOBaHUS, OTCJIEXKUBAHUSA U MJIaHUPOBAaHUA npoliecca. To4HO Tak ke [17] BbIIOJHUIU
aHaJIM3 JJaHHbIX Mpolecca B coueTaHuu ¢ gaHHbIMU GPS v T'MC ansgs MuHuMu3anuu nyTtu. [18]
VCIOJIb30Ba/IM JATYUK [Ji ONpe/ie/leHUs 3allaxa rasa Ha cBajike oTxozo0B. MccienoBanue
KOJINYeCTBEHHO OIpe/esno0 3alax rasa ¢ UCIoJib30BaHUeM JlaTuMKa OKcuza ojioBa. Kpome
Toro, [19] ucnosb3oBanu UHPpaKpacHbIN JAaTYHK AJ1s1 0OHAPYKEeHHU S 3arpsI3HSAOLUX BEILeCTB,
coJlepKallUXCsl B OTXOJAx KepaMuyecKoro creksa. [lo3ke OblLI MCIOJIb30BaH GOPTOBOM
GPS-npueMHuK Asa c6opa nHPopMauuu 06 OTXOJax BO BpeMs JBWXKEHUS I'PY30BUKOB U
neperpy304HbIX CTAHUH.

bnarofgapsa TakoOMy COYeTaHHUI0 CTaJl0 BO3MOXHO HcnoJsib3oBaHue GPS g4
NpPOCTPAaHCTBEHHOTO aHa/avW3a U cbopa AaHHbIX 0 TBO gy pa3pabOTKKW MOJUTHKU MO
yBesndyeHuo mnepepaborkrn TBO. A Takxe BO3MOXKHOCTb IPOBECTH HCCJIeJ0BaHUE C
ucnosib3oBaHueM GPS-npueMHUKa [Jis1 OTC/AEXKHBAHUS TPY30BUKOB M MYCOPHbIX 0aKOB,
YTOOBI BBIABJIATH HEPETY/ISAPHBIX KJIUEHTOB. B aToM nccnenoBanuu GPS BMecTe ¢ pyrumMu
KOMMYHUKAI[MOHHBIMU TEXHOJIOTHUSIMU OblJ YCTAHOBJIEH Ha I'PY30BUKAaX, U CUCTEMa Oblia
IO/ KJ/I0UEHA K yaJIEeHHOMY CepBepy.
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TpaguuoHHble CHUCTEMbl YIpaBJeHUs] OBITOBbIMU OTXOZAMM OCHOBaHbl Ha cOope U
XpaHEeHUH OTXOZJ0B B MyCOPHBIX 6aKax JI0 UX COOpa U TPAaHCIOPTHPOBKU MECTHBIM areHTCTBOM
10 0OpallleHUI0 C OTXOAAMH. XOTS 3TU CUCTEMBI JIeWCTBUTENbHO TMOKHE, y HUX €CTb Ba)KHbIe
HEeJI0CTAaTKU U BO3/IeMICTBUE Ha OKPY>KAIOLIYI0 Cpely, TaKKe, KaK 3allaxy U3-3a HAKOIJIEHUS OTX0/I0B
B MYCOPHBIX 6aKax, Ipo6JsieMbl C TUTMEHOH, LIIyM, 3aTOPbl Ha J0pPOrax U BbIOPOChl NAPHUKOBBIX
ra3oB OT MyCOpPOBO30B, UCII0JIb3yeMBbIX /151 epeBo3kHU 0Tx0A0B [20]. [loaToMy B nocsiegHMe rofbl
CTaHOBUTCS MOMYJIIPHOM YCTaHOBKA MTHEBMAaTU4eCKOW CUCTEMbI IIOJ3EMHOT0 C60pa.

AnnapaTel NHEBMAaTHYeCKOW  CHUCTEMBbl TPAHCIOPTUPOBKM  UCHOJIb3YIOTCA  [AJiS
TPAHCIIOPTUPOBKU OTXO/I0B U3 KUJIbIX MHOTO3TAXXHbIX MAaCCUBOB U Pa3/IMYHbIX yUpeXKJeHUH.
Mycop udepes3 3arpy304Hble MOCTbI 3aCacblBaeTCsl B CUCTEMY OTBOASAIIUX TPYO U JBUXKETCS
B BO3/lyIIHOM IOTOKE K MeCTy HakKoIJeHHsl. TUNUYHBIM JJi HUX SIBJSETCA TO, YTO AJiA
JIOCTYXXKeHU S pa3HOCTH /1aBJI€HWH UCNIOJIb3yeTCsl BAKYYMHBIN aninapat, B KOTOPOM pa3peKeHue
B TPaHCIOPTHOW TpyOe ammapara obecrneyuMBaeTCs reHepaTOpaMM BaKyyMa, HallpuMep,
BaKyyMHbIMHM HacOCaMU WJIM KEKTOPHBIM anmnapaTtoM. B TpaHcnopTHoW Tpyb6e OObIYHO
MMeeTCs 110 MeHbIIENH Mepe OJUH KJIalaHHbIM 3J1EMEHT, OTKPbITHEM U 3aKPbITUEM KOTOPOIO
peryavpyeTcsi NOCTyNallUi B TPyOy MOANUTOUYHBbIM BO3AyX. OTX0Abl TPaHCIOPTUPYIOTCS
o TpPyOGOMPOBOAY HA JAOBOJIbLHO 60JIbLIIOE PACCTOSIHHE 0 MYHKTa c60pa OTXOZ0B, KOTOPbI
0OBIYHO HAXOAUTCH 3a Mpejie/laMyd HaceJIeHHOro nyHKTa. Co CTaHIIMU OTX0/J0B OTXO/bI ajiee
TPaHCIIOPTUPYIOTCS HAa CBaJIKy, HAlpUMep, MyCOPOBO3aMH.

B 2019 rogy B pamkax nporpamMmbl HDB Greenprint B 38 kBapranax noMmectbs IOkxya
OblJIM ONPOOOBAaHbI CUCTEMbI MTHEBMAaTUYECKOW TPAaHCHOPTUPOBKU OTXOJI0B, HallpaBJIEHHbIE
Ha co3JaHue OoJiee YMUCTOM, IKOJOTMYHOM UM YCTOMYMBOW OKpYXKalolled Ccpejbl.
ABTOMaTU3MpOBaHHas CMCTEMA MTHEBMAaTUYECKOW TPAHCIOPTUPOBKHU OTXO0J0B UCMOJIb30BaJjla
BCacblBaHMe BO3/1yxa AJisl TPAHCIOPTUPOBKHU ObITOBBIX 0TX0Z,0B (co ckopocTbio 50-80 kM /4ac)
10 3aMKHYTOM MMO/I3eMHOM CeTU TPybonpoBoAoB (AuamMeTpoM 1/2 MeTpa U AJHMHOHN 4,6 KM)
Ha LeHTpaJIbHYI0 CTaHLMI0 coopa [21]. Bech nponecc c6opa 0TX0[0B OblJ1 aBTOMAaTU3UPOBaH
6e3 OTKpbITOM 06pabOTKH OTXO/0B, YTO MO3BOJIMJIO ellle 60Jibllle COKPATUTh MOTPEOHOCTD B
PYYHOM Tpy/ie U MbITbe MyCOPOINPOBO/a, CBECTU K MUHUMYMY pa3J/i0KeHHUE OTX0/0B U PELIUTh
npo6JsieMbl C HEMPUATHBIM 3alaxoM, BpeAUTE/ISAMU U YyTeYKaMu NpU c6ope oTx0A0B. C TOUKU
3peHUs1 YCTOMYMBOIO yIpaBJeHUsl OTXOJAaMHM, CUCTeMa MOXeT MOJJep:KUBaThb pasjesieHrue
OTXO/10B ZJis1 nepepaboTku. Ho ocTanuch npo6JieMbl B OTHOLLIEHHUH COLMAbHBIX YCTAHOBOK U
JleiICTBUU — HellpaBUJIbHas yTUIM3alMsl KPYITHOrabapUTHBIX OTX0/I0B B CUCTEMY MO-NIPEXKHEMY
co3/laBaJjla pUCK BbIX0/]a U3 CTPOSI CUCTEMBI, 3aCOPEHUS NO/I3EMHbBIX TPYO U yBeJIMUEHHUS pUCKa
3aCOpOB, BbI3bIBAKOLIUX HENIPUSTHbIE 3aMaXH.

TpaHncnopTUpoOBKa OTXOA0B Ha O6OJbliMe pPAacCTOSIHHUS MO TPyOONPOBOAY Ha MpPaKTUKe
HepeHTabesbHa. OGbIYHO Ha BCAacblBAHWU HUMeeTCsl Nepenaj JaBJjeHUss MeHee 1 6ap (Ha
npaktuke 0,1-0,4 6ap). He6osibiias pasHula jaBjeHU TpebyeT, YTOObl CKOPOCTHU MOTOKA B
TPyOONpOBO/E ObIJIM paCCYMTAaHbI HA BBICOKHE CKOPOCTH, YTOObI MaTepUalJl, npeJHa3Ha4YeHHbIN
JU1s1 TPAHCIOPTUPOBKH MO TpybonpoBoay, nepemeniascs. [lockosIbKy 0TX0/bl, IPOXOAsIIHUE 110
TpyOe, UMeT HepaBHOMEPHYI0 FepMETUYHOCTD, pa3Mep U GopMy, B TPyOONIPOBO/e CO34aeTCs
6alnacHbI MOTOK, B pe3y/ibTaTe 4ero BaKyyMHble TeHepaTopbl/BcacblBalolie YCTPOMCTRBA,
co3/amwlye BcacblBaHUE, JOJKHBI ObITh pacCYMTaHbl HA Ype3BbIYalHO O0JIbIIYI0 MOILIHOCTb.
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JlJ1s1 cpaBHUTEILHOTO aHa/IM3a IOCTOMHCTB U HEJOCTaTKOB Ipe/iCTaBJIeHHbIX HallpaBJIeHU N
pa3BUTHA OllepUpPOBAaHUEM TBepZ0-ObITOBBIMU OTXOAaMH 3a nocaefHue 10 seT, cBeseM UX
B Tabsiuny 1, rae oTpakeHbl caabble CTOPOHBI JAHHBIX HAallpaBJeHUH Pa3BUTHSA U K KaKUM
pe3yJsibTaTaM IpUBeAYT IPUMeHseMble TEXHOJIOTHH.

Ta6smna 1.

HanpaB/ieHus1 pa3BUTHS ONlepUPOBaHUSA TBEPAO-GbITOBBIMU OTX0AAMHU 3a nocjiesHue 10 et

HanpaBJsieHUs1 pa3BUTHUSA Olle-
pupoBanHus ThO

Ci1abble CTOPOHBI

KoHeuHbI# pe3ysnbTaT

H1 - UckyccTBEHHBIN UHTEJ-
JIEKT /11 TPOTHO3a 06paso-
BaHud THO

JloporoBr3sHa pa3paboToK,
cBsi3aHHBIX ¢ MU u Tpebyto-
IIUX JaJbHEHIINX Uccaes0-
BaHUU

KP1 - mamiiHHOe 06y4yeHue,
onepyUpoBaHHe GOJbIIUMU
06'beMaMU JJaHHbIMHY, [VY60KUU
aHaJ/IM3 U GbICTPBIN BbIBO/J, aH-
HbIX 110 3¢ PEeKTHUBHOMY pacIipe-
JleJIeHUI0 pecypcoB

H2 - UKT gag onTUMH3aLMU
yyo

TpebyroTcs feTalbHO pas-
paboTaHHbIe U YYUTHIBAIO-
1I1e BCce HI0aHChl KOHCTPYK-
LMY, TO03BOJIAIOILHE JIETKO
onTuMuUsuposats YYO no
cobpaHHbIM JJaHHbIM UKT

KP2 - unTerpupoBaHue U pac-
npejesieHue Bcekl ”HopMaIuy,
[10 u pacnipefesieHue MO CETAM
Y 060py/IOBaHUSIM CUCTEMBI 06e-
criedeHUs QYHKLMOHUPOBAHUSA
»kKu3HeHHoro nukaa TbO

H3 - ACY (passiduHble faT-
YUKW U CEHCOPBI M0 paccTo-
SIHUIO, TO3UIIMOHUPOBAHMUIO,
YCTPOMNCTBA CYUThIBAHUS
LITPUX-KOZOB U T.[.)

TpebyroTcss KOHCTPYKLMH
10 KOMIIJIEKCHOM MeXaHU-
3aldy ¥ aBTOMaTH3aUU
BCero npotecca

KP3 - koMniekc annapaTHbIX

Y IPOTPAMMHBIX CPEJICTB AJisl
yIpaBJIeHUS PA3JIUYHBIMU NTPO-
1eccaMy GyHKIIMOHUPOBAHMUS
»KHU3HeHHOoro 1uKaa ThO

H4 - UKT g1 MOHUTOpHH-
ra, ONTUMHU3aAL MU cOopa JJis
3pdeKTUBHOTO MPUMEHEHUS
TPaHCIOPTHBIX CPEJCTB

B 0cHOBHOM BO BCex IyH-
KTax BbiBo3a THO uaeT cuH-
XPOHHBIN BpeMEeHHOU LIUKJI,
YTO COBEPLIEHCTBOBAHUE
OrpaHUYHBaAETCH TOJBKO
MOCTPOEHHEM MOCJIE0BA-
TesibHOTO MapupyTa TC

KP2

H5 - /13 B YYO nyTeM MOHU-
TopuHra nosuronos ThO

YuuThIBasi MOCTOSTHHBIN
pPOCT YHCJIEHHOCTHU HaceJie-
HUS, JAaHHOE HallpaBJieHue
BeJIeT K OTCPOYKe JOCTHXKe-
HUS KPUTHUYECKOW TOYKH 110
3aI0JIHSIEMOCTH MOJIUTOHOB
Y He YCTPaHSET B [jeJIOM
Npo6JIEMY CUCTEMBI

KP4 - nosydyeHue v c60p UH-
dopmanmu 06 06’ beKTax, 6€3
¢$U3UIecKoro KOHTAKTA, pac-
M0JIO’KEHHBIX Ha 60JIbILINX
pacCTOSHUSX HA TOBEPXHOCTHU
3emuiu. Co6paHHas nHdpopma-
I[US OTNIPABJSETCA B MyHKT (bI)
06pa6GoTKKU UHPOPMALIMHU 10
*KM3HeHHOMy nukay TbO
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6 H6 - OnpenesieHre MeCT U JddeKTHBEH TOJBKO Ha KP5 - cucremMa c6opa, XxpaHeHH4,
00'bEMOB PACIOJIOKEHHUS IPOMEXKYTKE MeX/1y MyH- aHaJsu3a ¥ rpaduyeckoi Bu3ya-
MYCOPHBIX 6AKOB C IOMOILIbI0 | KTaMHU BbIBO3a U JI0 TOYKH | JIM3aLlMU 0O'bEKTOB }KU3HEHHOTO
I'MC, yuuThiBawLue 1emMo- pocraBku ThO Ha ytuausa- | pukia THO Ha npocTpaHCTBeH-

rpaduio U colMaibHO-3KOHO- | IjM10. He pelaeT npo6JieMbl | HbIX (reorpaduyueckux) JaHHbIX.
MUUYECKUE JaHHble MECTHOCTH | BCETO >KM3HEHHOTo UukJaa | /laHHas cucteMa apdekTUBHA
»KWJIOT0 MaccuBa TBO. J1J1s1 olleHKH paKTU4eCKOro co-
CTOSIHUSI U3y4YaeMbIX 0O'BEKTOB
Y IPUAA4YU UM ONTUMaIbHBIX
JaJibHEUIUX NeCTBUHM, Maplil-

pyTOB

7 H7 -KoHcTpyKuMOHHBIE PemaeT npo6sieMbl, Bo3HU- | KP6 - adpdekTuBHOE QyHKLIU-
HapabOTKU repMeTUYHOCTHU Kalollle TOJbKO Ha MecTe OHUPOBAaHUE CUCTEM U 060py-
MYCOpHBIX 6aKOB U 3pdek- BbIBo3a TEO, Takxe He JOBaHUS B )KM3HEHHOM IIUKJIe
THUBHOCTH IIOTPY304HO-Pas- peliaeT Mpo6jeMbl BCEr0 TBO, Tak Kak UMelOT IIpopa-
IPy304YHbIX pabOT UX B Myco- | ku3HeHHOTrO 1uk/aa ThO. 60TaHHbIE KOHCTPYKTOPCKUE
POBO3bI 0COOGEHHOCTH.

8 H8 - [IpumeHeHUe UHHO- OTxoppbl, poxoAsIue Mo KP7 - koMIJIeKcHasi MeXaHU-
Bal[MOHHBIX CUCTEM ITHEB- Tpybe, HepaBHOMEPHBI M0 3alus U aBTOMaTH3al1s Bce-
MOTpaHCNOpPTa AJisl KOM- pasmepy, GopMe, CI0XK- ro NpoMeXXyTKa }KU3HEHHOTO
MJIEKCHOM MeXaHU3alluu U HOCTH CO3JaHUS IOJTHOMU uukaa TbO
aBTOMAaTH3alUU TPAHCIIOPTHU- | FePMETHUYHOCTH KaK yMaKo-
poBku TEO BOK, TaK Y Bcel cucTeMbl. B

Tpyb6ONPOBOAHOU CHUCTEME
co3jiaeTcs 6alinacHbIH MMo-
TOK, B pe3yJibTaTe BaKyyM-
Hble TeHepaTophl paccyu-
TBIBAIOTCS HA Ype3BbIYANHO
60JIbLIIME MOLIHOCTH, TO
ecTb 6oJiee IHeprosaTpart-
HBI.

[IpruMedaHue: BbIOpaHbI HaNlpaBJeHUs pa3BUTUs onepupoBaHuu THO no ucciegoBaHusaM co6paH-
HbIX MaTepUaJIOB, 0 Ny6JNKAIMSIM, Ipe/ICTaBJeHHbIM B OTKpbITOM JocTyne (Open Access) B 6a3se
Scopus ¥ Ha MaTepHaJax, OTPAKEHHBIX B JOCTYITHbIX OUOJIMOTEYHBIX U UHTEPHET-PeCypcax.

BiusHMe Bcex BbllIeNpe/CTaBJeHHbIX HCCAeJLOBAaHUM Ha pa3BUTHE YINPaBJIAEMOCTH,
3G PeKTUBHOCTU NPHU ONEPUPOBAHUU TBEPO-ObITOBBIMU OTXOJAMHU OJJHO3HAYHO NpPUBEJET
K COBEpIIEHCTBOBAHUIO CUCTEMbl OIlePUPOBAHUA TBEPAO-ObLITOBBIMU OTXOAaMMU. IIpu aTom
Kak[jass M3 HalpaBJeHUM pa3BUTHUS ONEpUPOBAHUSA TBepPO-ObITOBBIMU OTXOJAaMH HMeeT
CBOHU CJIabble CTOPOHBI, KOTOPbIe NPUBEAYT K CJI02KHOCTH BbINIOJIHEHUSA UJIM HEBBIITOJIHUMOCTH
3a/laHus, KOTOpble TpeOyIT CHHXPOHHOCTH pPa3BUTHUA BCeX JpYruxX HalpaBJeHUH WU
UX leJIeHalpaBJeHHOCTU K KOHeYHbIM pe3yabTaTaM. /Jlid rpaduyeckoro oTpakeHus
MHPOpMaIMY, OTPaXKeHHOU B TabJsuLe 1, fuarpaMMa »KM3HEHHOTO LMKJIa 10 OIepUPOBAHUIO
TBepPZ0-O0bITOBBIMU OTXOJAMHU NpeJiCTaBJeHa Ha pUCYHKe 1.
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Kuznennoiii uuka onepupopanusa TBO
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PucyHok 1. )KM3HeHHBbIH MKJI 10 onepupoBaHuio TEO U UX HanpaB/IeHUsI Pa3BUTHA.
IlpumMeyaHue: COCTaBJIEHO aBTOPAMHU

OHUM U3 MyTeHl JOCTUXKEHUS BCeX MPeJCTaBJEHHBIX KOHEUHBIX Pe3y/IbTaTOB SIBJSETCS
KOMILJIEKCHOE NpUMEeHeHHe JaHHbIX HANpaBJeHUN U MepeoCcMbIC/IeHHEe BCeH TEXHOJIOTHH C
Ipe/IoCTaBJIeHUEM HOBbIX KOHCTPYKTOPCKHUX U TEXHOJIOTUYECKUX PELlIeHUH 110 OTIEPUPOBAHHUIO
TBEP/10-6bITOBBIMU OTXO/JAMH.

[locTpoeHHe HOBBIX KOHCTPYKTOPCKHUX W TEXHOJIOTUYECKUX pelleHUH HUCXOAUT U3
HEeJIOCTATKOB paHee pa3pabOTHHBIX TEXHOJIOTHUH, CUCTEM U KOHCTPYKLUHU U NMPeIOCTaBJIeHUE
HOBBIX YyCTPOMNCTB, yCTPAHSIOUUX JJAHHbIE HEJIOCTATKH, HO TPHU 3TOM COXpaHEHH e TPHUEMYIIECTB
paHHUX pa3paboOTOK AACT 3HAYMTEJbHOE Pa3BUTHE TEXHOJIOTHSM OIEPUPOBAHHUS TBEPAO-
OBITOBBIMM OTXO/JAMHM, TaK KaK HOBble TEXHOJIOTMM M WHHOBALMU OCTAIOTCS Ba*KHEUIIHUM
WHCTPYMEHTOM pellleHusi Mpo6JieMbl oOpalleHuss ¢ oTxojaMH. CyliecTByeT IMepcleKTHBa
Pa3BUTHS HOBBIX METOJIOB aBTOMAaTHU3AlUM YyINpaBJeHUS KOMMYHaJIbHbIMH OTXOJAMH,
BO3MOXXHOCTb COBMEIIeHHS IPOBEPEHHBIX METO/OB C COBEPIIEHHO HOBBIMH KOHCTPYKIUSIMH
CUCTEM TPAHCIOPTUPOBKH, B KOTOPBIX YCTPAaHEHbI HEIOCTATKH MPEJbIIYIIUX CXEM.

C yd4yeToM TOro, 4YTO TPAHCIOPTHUPOBKA OTXOJOB IMHEBMOTPAHCIOPTUPYIOIIUMU
TpyOONPOBOJAMHU SIBJISIETCS HEPEHTAOEJbHOM, C OOJIBIIMMHU 3HEPro3aTpaTaMy Ha CO3JaHue
HEeOOXO0/JUMOr0 /aBJIeHHs] U CUJIbl BCAChIBAHMS, @ TaKXKe TPYJHOCTHU MPABUJIBHOrO Moj60pa
bopM Tpacchl ¥ COXpaHEeHH s TOJTHOW repMeTHYHOCTH, IPe/IIaraeTcst KOHCTPYKIMSA 10 TATEHTY
Ha uzobpeteHre PK N234150 [22], ocHOBHOM BU/I KOTOPOIo Mpe/ICTaBJeH Ha pUCYHKe 2.
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a) 6) B)

a — OCHOBHOU BHU/I MyCOPOTIPOBO/IA; 6 — 3arpy304HOE YCTPOMCTBO B MOJIOXKEHUH C 3arPyKEHHOU
MyCOpPOC60POYHOM YIaKOBKOM, HANTOJTHEHHOW MyCOpOM, U B pa3pese A-A; B - 3arpy304HOe
YCTPOMCTBO, B MOJIOKEHUU BHITAJIKUBAHUS MyCOPOCOOPOYHOH YIIAKOBKH B KaHaJ CTBOJIA

MYCOPOIPOBO/IA.

PucyHok 2. MycoponpoBo/; MHOT03TaKHbIX, BbICOTHBIX KWJIbIX M 0GLLeCTBEHHBIX 3JaHUM

[Ipumeyanue: [22]

CopTupoBKa, c60p ¥ TPaHCHOPTHPOBKA Mycopa M0 JaHHOMY MyCOPOIIPOBOAY NPOBOJUTCS
TOJIbKO MYCOpPOCOOPOYHOU YNMaKOBKOHM (Tapoil) B BUJEe KalCy/ibl, HallOJHEHHOH MYCOpPOM,
M3roTaB/JMBaeMON M3 MaTepuasioB, GJM3KUX MO CBOWCTBAM INpU IepepaboTKe C BUJAMHU
OTXO0/l0B, HallpMMep, OMOMJIACTUK AJiA cO60pa OpraHMYecKUX OTXOJO0B, IJIACTUK AJA cbopa
IJIAaCTUKOBBIX M3JleJINH, KapTOH JJis c6opa 6GyMaru M KapTOHA, CTEKJIOMJIACTUK JJis cbopa
CTeKJIa U OTAeJIbHO M3 MaTepuasa, B JajJbHellleM NnepepabaTblBAEMOr0 B CTPOUTEJbHbIN
MaTepuaJl AJ1s1 c6opa NbLIM, OCTaTKOB MeCYaHbIX U [IMHUCTBIX CTPOUTEJIbHBIX MaTepUaJIOB.

Jl1s1 BBISIBJIEHUSI 3aKOHOMepPHOCTell QYHKLMOHUPOBAHUA U pacyeTa KOHCTPYKIMOHHBIX
napaMeTpOB OIpeJiesIEHO, YTO JJIS1 JaHHOIO MyCOpPOINpPOBOJA, N0 MCCJIeJOBAaHUAM aBTOPOB,
IpYMEHUMb] 3aKOHOMEPHOCTH pacyeTa TaKUMX MallMH HeNMpepbIBHOIO TPAHCIOPTA, KOTOpbIE
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paccMaTpUBalOTCS B IPaBUTALMOHHbBIX KOHBelepax (rpy3 TPaHCIOPTUPYETCSA C IPUMeHEeHUeM
CUJIbl TPaBUTALMM), THEBMAaTUYECKUX TpPaHCIopTepax (MpUMeHseTCS MOTOK BO3AyXa AJis
ralleHusi CKOpPOCTH NaJieHUsl Ipy3a) U fBJSETCS OCHOBOW AUCCEPTALMOHHOM paboThbl Ha
TeMy «HMccieoBaHusl MO pa3paboTKe BEPTUKAJbHbIX MHEBMOTPYOYaThIX KOHBEHEpPOB AJis
TPAHCIIOPTUPOBKU TBEPZbIX OBITOBBIX OTXO/L0B».

3azaueit U306peTeHUs ABJSETCH CO3/JaHUe CUCTeMbl 3G PEeKTUBHOr0 c60pa, COPTUPOBKU U
TpaHcnopTupoBkU THEO, cocToseld U3 MycoponpoBo/a C yJIy4dllleHHbIMU XapaKTepUCTUKAMU
U MycOpoCOOPOYHOM yNaKOBKM B BHJe KaICy/bl, HAllOJIJHEHHOM MycOpOM, KOHUTypauus
KOTOPOU He M03BOJISIET CLENJIATHCS, 3aCTPeBATh U 3aCOPATHCS, U JIETKO NPOXOAUT M0 KaHaly
CTBOJIa MyCOPONPOBO/A.

TexHU4YeCKUM pe3y/JbTaTOM JJaHHOW pa3paboOTKU SIBJSETCSA MOJIyaBTOMaTHU3UPOBAHHBIN
cObop M MOJIHAsi COPTHPOBKA MO BUJAM TBEPAbIX OBbITOBBIX OTXOJ0B C MyCOPOCOOPOYHOU
yHNaKoBKOHW, cooTBeTcTBywoued Buay TBO pansa panpHediiedl 3pdeKTHBHOU 06pabOTKH,
COPTHMPOBKA U TPAHCIOPTUPOBKA Mycopa [0 TOYKM BbIBO3a U3 3JjJaHUs WJM 3a IpeJeJibl
3naHus. [loBbIlIeHMe 0’Kap06e30NacHOCTH U Jile3WHeK sl MyCcOpOINpOBO/a rapaHTUPYeTCs
NyTEM oOINpejeseHuss W JOKaJU3aluu OO0BbEeKTOB (MycOpoCOOPOUYHBIX YMAKOBOK B BH/JE
KaICyJibl C MyCOPOM) BO3TOpPaHMs WUJIU 3arpsiI3HEHUs] B 3arPy304YHOM YCTPOUCTBE, C OMOILbIO
CUCTEeMBbl CcaMoJile3UHQEeK UM U aBTOMATH4YeCKOr0 MOXXAapOTYLIeHHUs, TeM CaMbIM IOBBILIAS
yCJIOBUS TEXHUKHU 6e30MmacHOCTU. TakKe MPUCYTCTBYET BOSMOXKHOCTb yYeTa U OTC/IeKHUBaHUS
BbIHOCUMBIX OTXO/I0B, YTO, KpOMe MNpO4Yero, Mo3BOJUT BECTH TOYHYIO CUCTEMY OIJIATHI
YcTaHOBKa M03BOJISET MOBBICUTh 3QQPEKTUBHOCThL NepepaboTKU OTXOJ0B C HauMeHbLIeH
COPTHUPOBKOM Ha NPOU3BO/CTBE M C BOSMOXXHOCTbI0 BTOPUYHOI'0 IPUMEHEHUs Taphl [22].

JlaHHas cucTeMa MnojaeT 6oJiblMe IepPCIeKTUBbl PAa3BUTHUS M YCOBepLIEHCTBOBAHUS
COBpEMEHHBIX METO/OB yJaJeHUusi TBepAbIX ObITOBBIX OTX040B. Ero mnpeumyiiectBom
nepeJ; MHEBMOTPAHCIOPTUPYIOIIUMU TpybONpoOBOAAaMHU SABJSIOTCA HauboJsiee HU3KUE
3HeprosaTpaThl U OTCYyTCTBUE HEOOXOJUMOCTHU CO3/jaHUsI OOJIbIIUX JaBJeHUH B CUCTEME, TaK
KaK NIpU TPaHCHOPTHPOBKEe Ipy3a NPUMEHSIIOTCS He3HeprosaTpaTHble CHJIbl FpaBUTALUH,
HU3KOBOJIBTOBble CEPBONPHUBOAbI JJis BbITAJKUBAaHUS MYCOPOCOOPOYHBIX YIAKOBOK B
MYCOPOIIPOBO/J, M THEBMOCUCTEMA B KOHI|e y4yacTKa TPAHCIIOPTUPOBKH J1JIsI TallleHUsI CKOPOCTH
naJleHusl rpy3a, NO3BOJIAKOLAS COXPAaHUTb IPy3 B IL€JOCTU U COXPAaHHOCTU. PacyeTHble
napaMeTphbl 110 JaHHOW YCTaHOBKe OYAyT Mpe/CcTaB/eHbl B Ja/IbHENIINX UCCIeJOBAaHUSX.

4. BEIBOABI

JlaHHOe ucciie0BaHME MTOKA3aJ10, YTO pelleHUs 110 06palleHUI0 C OTX0JaMHU JI0JKHBI ObITh
JOCTYIIHBIMU U 3KOHOMMWYHBIMU. CHcTeMa yJa/leHHUS OTXOLOB M3 MHOIO3TAXHBIX KUJIBIX
MacCUBOB U KOMMepYeCKUX MOMELIeHHWH J0J/PKHA OBbITh 3aKpPbITOW, BCTPOEHHOHN B 3/aHUeE,
HaCKOJIbKO 3TO BO3MOXHO, U CIIOCOOHOM o6ecrneuyuThb Ge30macHble YCJI0BUS 3KCIJIyaTalUU.
KpomMme Toro, /711 TeX 4acTel CUCTEMBI, KOTOPble HE MOIJIM ObITh TEXHOJIOTUYECKH 3aKPbIThI,
JlOJIKEH OBLI ObITh ps/J| COLMANbHbBIX U TEXHOJIOTHYECKUX MPUCIOCODOIEHUH.

AHanu3 JMTepaTypbl NOKasas, 4YTO TEXHOJOTMU JAUCTAHLMOHHOTO 30HAWPOBAHUA U
reouHpopMaloHHble cucTeMbl B YYO B OCHOBHOM MCIOJIb30BaJMUCh [Jil pa3MellleHus
IIOJINTOHOB W IMeperpy304YHbIX CTAaHLUUM [JI1 3aXOPOHEHHUS OTXOLO0B, OLEHKHU 3KOJIOT-
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WYECKOTO BO3JEWCTBUA 3aKpbITBIX OTXOJOB W MOHHUTOPHMHIA IOJIUTOHOB OTXOZOB. JTHU
reonpoCTPaHCTBEHHbIE METOAbl TaKXKe MUCIO0JIb30BaJUCh B paMKaxX MOJeJMpPOBaHUSA
[ MHOTOKPHUTEPUAJbHOW OLEHKM M ONTHMMHU3aLMHA IyTed TPAHCIOPTUPOBKHA OTXOJOB.
HccnenoBaHue Takyke NOKa3asio, YTO NPUIOKEHUS IV100aIbHOM CHUCTEMbI IO3ULIMOHUPOBAHHS B
OCHOBHOM M CI0JIb30BaJIUCh JJI51 OTCJIEXKWBAHUS MyCOPHbIX 6AKOB U TPAHCIIOPTHBIX CPEJICTB 15
cbopa Mycopa, YTO6bl KOHTPOJIMPOBATH BpeMsI U MecTO cbopa. KpoMe Toro, aHaiu3 nokasasi, 4To
KOMOUHUpOBaHHbIe npuioxkeHUust GPS u 'MC paboTatoT Jiyyliie, 4eM UX 0ObIUHbIE BapHUALAH.

[IlHeBMaTHyecKasa cucrteMa TpaHcnopTupoBku TBO mnokasana, 4To, HECMOTpPS Ha CBOMO
3QdEeKTUBHOCTb Y IKOHOMMIO ONpe/ieJIEHHBIX PECYPCOB, IOTPeO/IIeT OTPOMHOE KOJIUYECTBO
3HEpPrUuH U TpebyeT 60JIbIIOT0 006CTYKHUBAHHUS.

HoBble TexHOJIOTMM M HWHHOBALlMU OCTAKOTCS BaKHEWIIMM HWHCTPYMEHTOM pelleHUs
npo6JsieMbl o6palieHus ¢ oTxofaMu. CylecTByeT NepCleKTUBa pa3BUTHA HOBbIX MeTO/ OB
aBTOMATHU3aLlMU YIIpaBJeHWs KOMMYHaJIbHBIMU OTXOJAaMH, BO3MOXHOCTb COBMeIlleHUs
IPOBEPEHHBIX METO/0B C COBEPLIEHHO HOBBIMY KOHCTPYKLUSMU CUCTEM TPAHCIOPTUPOBKHY, B
KOTOPBIX YCTPaHEeHbI HeLOCTATKH NPeJbIAYILIUX CXeM, OJJHA U3 HUX - KOHCTPYKLUSA 10 TATEHTY
Ha usobpeteHue PK N234150, mo3Bosistomas oCyluecTBUTh 3QPEKTHUBHYI0 KOMIJIEKCHYIO
MeXaHM3all0 M aBTOMaTU3al[Mi0 NOrPy304YHO-pPa3rpy304YHbIX paboOT NMPU ONEPUPOBAHUU C
TBEP/0-ObITOBBIMU OTXOJaMHU.
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KaTTbl TYPMBICTBIK, KaJAbBIKTapMeEH »KYMbIC icTey Ke3iHJe THey-TYCipy >KyMbICTapbIH KellleHAi
MeXaHHMKaJIaHABIPY MeH aBTOMAaTTaHABIPYABI XKeTiJIAipy

AnpaTna. MakasaHblH 63eKTijiri - OyriHri kyHi naifa GoJsifaH KalAbIKTap/blH >kahaH/bIK
npobJieMara alHa/IybIH Ji9MeKTey. XaJblK CAHBIHBIH 6Cyi Ka/IAbIKTAP/IbIH, Maii/ila 60Jy »KbLIAaM/bIFbIH
e/1ayip apTThip/bl. OJ1ap/bl K9/IETe KAPATY XKIHE 6acKapy OYKiJI a/ieM/ie YIKEeH 3KOJIOTUSJIBIK Tpo6ieMa
TYABIPBIN OThIP. KanabIKTapbl 6acKkapy - TUEY-TYCipy *KYMbICTapbIH KellleH/[i MeXaHUKaJlaHAbIpy MeH
ABTOMATTaHAbIPY/Abl KOJIZIJAaHa OTBIPBII, )KWUHAY, CYPBINTAY, TAaCbIMaJIAAy *K6HIHJer] ic-11apasap KelleHi.
Bysl Maka/slaHbIH, MaKcaTbl KAaTThbl TYPMBICTBIK KaJAbIKTapAbl XUHAy, CYpPbINTAy KOHE TacbIMasAay
Ke3iHJe THey-TYCipy »KYMbICTapbIH KellleH/i MeEXaHUKaJ/IaHAbIpY MEeH aBTOMAaTTaHAbIPYAbIH €H 3aMaHay
dJlicTepiH 3epTTey 60 TabbLIaAbL. ATaAMBIII MaCeJIeH] 3epTTeY/liH eH OHTaWJbI 91ici — Tangay afici.
By a71ic »kaKChl HOTHXKE OepPY YILiH 3epTTey KaH-KaKThl XKyprisinyi Tuic. Makasasa aBToMaTTaHAbIPY
dJicTepi, reoaKknapaTThIK Kyie xoHe GPS, KalIBIKTBIKTaH 30H/TAy, KYHeJiK UHXXeHepHus dAicTepi,
JlaMbIFaH eJjep/ie eH Kol KOJJaHbLIaTblH NMHEBMaTHUKAaJbIK KaJJbIKTapAbl TacbIMaajay >yMeci
CUSKTBI OChI CasIaJlaFbl COHFBI JKeTicTikTep 3epTTeseni. COHbIMEH KaTap KONKAaOGaTThl TYPFbIH JKoHE
KOFaM/IbIK, FUMapaTTap/iblH >XaHa KOKbIC LIbIFApPy MoJiesi ycbiHbLIa/bl. Tangay kepcetkenzen, GPS
KOCBhIMILIAJIapbl HeTi3iHEH »XWHAy yaKbIThl MEH OPHBIH aHbIKTAy YILIIH KOKBbIC KOLUIKTEPI MEH KOKbIC
KUHAUTBIH KeJIIKTepAi 6aKblaay/bl Xy3ere acbipaabl. GPS xxaHe AN ajicTepi keleH/li KoJilaHFaH
Ke3jle, )KYMbIC HOTHXKeJi 60J1afbl. AJl Kal[bIKTapAbl TacbiMaJAay/lblH IMHEBMAaTHUKAJbIK XKyheci kel
KabaTThl TYPFbIH Y MeH KOFaM/IbIK FUMapaTTapAaH KOKbIC HIbIFAPYAbIH KaHA MOJeJiH KOJIJJaHy
apKblIbl TY3eTyre 60J1aThIH GipKaTap KeMUIiJIiKTepre He.

TyiiH ce3aep: KOMMYHAIABIK KaIAbIKTAp, KOKbICTAPAbl CYPBINTAY, KAIABIKTAapAbl TaChIMaJIaY,
KATThl TYPMBICTBIK, KJIABIKTAP, }KEPTiMiKTI KanAbIKTap/ bl 6acKapy.
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Improvement of complex mechanization and automation of loading and unloading operations,
when handling solid household waste

Abstract. The relevance of this article is that, nowadays, waste generation has become a global
problem. In the recent past, population growth has noticeably increased the rate of waste generation,
and its disposal and management are a serious environmental problem worldwide. Waste management
isunderstood as a set of measures for collection, sorting, transportation, with the use of effective complex
mechanization and automation of loading and unloading operations. The purpose of this article is to
study the most modern methods of complex mechanization and automation of loading and unloading
operations during the collection, sorting and transportation of solid waste. The best method to study
this problem is the analysis method, it makes it possible to explore the maximum number of sources to
provide the best results. The article examines the latest achievements in this field, such as automation
methods, geographic information system and GPS, remote sensing, system engineering methods, the
pneumatic waste transportation system most used in developed countries, and also proposes a model
of a new garbage chute for multi-storey, high-rise residential and public buildings. The analysis showed
that GPS applications were mainly used to track garbage cans and garbage collection vehicles to monitor
the time and place of collection. GPS and GIS methods work better together than separately. And the
pneumatic waste transportation system has a number of significant drawbacks that can be corrected by
using a new model of a garbage chute for multi-storey, high-rise residential and public buildings.

Keywords: municipal waste, garbage sorting, waste transportation, solid waste, local waste
management.
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MaTepHaIJapAbl KOJIAAHY
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Anpgatna. Makasaza IOKI KaHy KO3FaJTKbILIbl KOHCTPYKLUACBIHBIH
TUIMJJIITT MeH TO3yfa Te3IMAIJIIrIH apTThIpy YIUIH KepaMUKaJIbIK MaTepual-
Jlap/ibl akgajlaHy TypaJibl auThbl1aibl. KepaMuKasblK MaTepuaagap/bl KoJa-
Hy OJIapJblH TeMIepaTypasblK GpaKTop/apFa >KOFapbl TO3iM/iliriHe, COHbIMEH
KaTap YHKkesic ko3QPuULMeHTiHIH TeMeHJeyiHe OaisaHbicThl. KosgaHyra
HEFYPJIbIM KOJIalJ/Ibl MaTepuaJsilap KpeEMHUH KapOUATepi MeH HUTpUATepi 60-
Jibll TabbL1aAbl. OapAbl HAIpYre apHaJIFaH UIMKi3aT TaOUFaTTa KeH TapaJjfaH
3aTTap: KBapL, KyMbl, laJla LUNAThI KoHe KaoJUH. OJ1lapZiaH bICTHIK [IpecTey He-
Mece 6alJIaHbICTBIPFBILI 3aTTap/bl TalAasaHa OThIPbIIN, HETi3ri MaTepHasbl
arJioMepanusJiay apKblIbl KaXKeTTi HilliHzeri 6esuekTepai ganbiHgay. Kepa-
MUKaJBIK, KipiCTipyJlepMeH CYHMBIK LUTAMIITAY TEXHUKAChl MeTaJJIyprusiarbl
KOMIIO3ULUSAJBIK O6JIIIeKTePAl KYI0, CYbIK KyH/le Kyi0, KbICbIMMEH KPHUCTaJl-
JlaHy apKbLIbl KY10, COH/ZIal-aK, TUKCOKYIO XoHe TUKCO-IITaMIITay 9/icTepiMeH
eH/ipyai 6inaipeni. Kypanga anabid ana gallblHAalfaH MeTaJlJ KepaMUKabIK
KipicTipy 6ap.

Tynin cesgep: Keupey kunHarbl, LIIT, TpubomydTa, iluTeH kaHATbIH

KO3FaJITKBIII, TOpLIeHb, ITUJTHHP.
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Kipicne

KepaMukanblK MaTepuasiJlap/laH >Kaca/iFaH KO3FaJ/ITKbII OeJIleKTePAiH, afeTTerijieH (osap
250-450°C TemnepaTtypaga »*,yMmbIc icteiizi) adbipMauibLibiFbl 1300-1500°C TemnepaTtypara
TeTen Oepe anagbl [1]. KepamMukaHbIH >XOFapbl bICTBIKKA TO3IM/iJIiri MeH TOMEH b1y
OTKI3TILITITiHIH apKacblHJa KeKe OeJileKTepAi CaJKbIHAATYAbIH KaKeTi »KOK. AJl 6apJibIK
OeJilleKTep KepaMUKaJblK MaTepuaaAap/laH >KacajfaH Ke3Jle, CaJKbIHJATy KyHeciHiH,
MyJiieM KaxkeTi 6GosiMalabl. CoHAal-aK, KepaMHUKaJ/blK OYWbIMJApAblH cajJMaFbl COHJAMN
6epikTikTeri MeTass1 6yibIMAapFa KapaFaH[a a3bipak 6os1azbl [2]. Ocbliakila, KepaMUKaJbIK
KO3Fa/ITKBIIITBIH >XeKe MOJeJiH »acal KaTKaH Cummins KOMIAHUSACBIHBIH, NaWbIMAAaybl
6O0MBIHIIIA, CAJIKBIHAATY XKYHECiHIH KYPbLIbICHI )KeHi1JeTine i. AFHU cy COPFbICHI MEH palUaTOP
CUSIKTBI O6JIIIIeKTep/AiH aJibIHybIHA 6aHJIaHbICThI KO3FAJITKBIIITHIH CaJIMaFbl Oip/iell KyaTThbIH,
JLOCTYPJli KO3FaJITKbIIITapMeH casbIcThipFanza 20% -fa a3asabl.

XKorapbl MK/ TeMnepaTypacblH »Kacay >XoHe CaJKbIHAATy OeJlikTepiHe OalJlaHbICThI
KbLJTY HIBIFbIH/IAPbIH K00 KO3FAJATKBIIITBIH THIM/IIITiH 45%-Fa »KoHe 0o/laH »KOFapbIFa JAeriH
apTThIPaZibl, OThIH HIbIFbIHBIH AU TapJIbIKTAal TOMEH/IETE/|; TOKipebue HaTUXKe iepi 60UbIHIIA
KepaMUKaJlbIK KO3FaJITKbILI KepceTKimTepi 34% -Fa a3 60J1a/ibl.

JlBUratesib ’KaHy KaMepacblHbIH OeJiikTepi TeMIlepaTypachblHbIH, KOFapblaayblHa
6aianbicThl (1200°C geiiH) KepaMHUKaJbIK KO3FaJTKbILITAP/bIH 9P TYpJi OTbIH TYpJiepiH
TYTbIHYbIH YKy3€ere acblpy 6Te MaHbI3/bl. KepocHH, 6€H3UH, U3eb/iK OThIH, CIUPT, KEMip MEH
TaKTaTacTap/laH »aca/ifaH CUHTETUKAJIBIK OTbIH, KOXKET O0JIFaH »aFJai/ja Ma3yTThIH KeHoip
TYpJiepiH Jle KoJJaHyFa 6oJiafbl. COHbBIMEH KOCa, KaHy KaMepacblHAAaFbl TeMIlEpAaTypPaHbIH,
»KOFapblJayblHA OaWJIaHBICTBI »KApPThLIAW JKYKTeMeJiep Ke3iHJe KO3FaJTKbILTbBIH OTbIH
TUIMAIJTIr alTapJbIKTal apTaabl, 6yJ1 KasablK xKaFAaiiap/ia Ko3FalaThIH KeJIiKTep YIlliH eTe
MaHbI3Ab! [3]. LunuHapiepae oTbIHHBIH TOJIBIK KaHYbl apKbL/Ibl Naii/ja/laHbl/IFaH ra3iap/blH,
YBITTBUIBIK JIeHT e e TOMeHAen/i.

XKorapsl TemnepaTtypaza (250-450°C) KyMbIC iCTEHTIH XoHe KOFapbl TO3yFa YIIbIPAUTbIH
KO3Fa/ITKbII GeJiikTepi yUIiH KpeMHUH KapOuATepi MeH HHUTPUATEPi eH KOJIaWJbl
KepaMHUKaJIbIK MaTepua/ilap peTiHJe KapacTbIpbliybl KepeK. OyiapAbl eHAipyre apHaJsFaH
HIMKi3aT TabUFaTTa KeH TapaJsiFaH 3aTTap: KBapl] KyMbl, [jaja IINAaThl )XoHEe KaoJIUH. /leMek,
KO3FaJ/ITKbIII KYPbLJIbICBIHJA KEPAMUKaJbIK O6JIIeKTePAiH KOJ1IaHbIChbl KbIMOAT JIerupJieHreH
MaTa/LI[ap MeH BICThIKKA Te3iMJi 6oJiaTTapfa KapafFaHJa JBUTaTesib KYHbIH a3alTyfa
MYMKIHJiK 6epeji.

KpeMHUI1 kapOuaTepi MeH HUTPUATEPIHIH KOJIai/bl KACUeTTEpiH TEXHOJIOTUSAIa aiAaiaHy
oJlapJlaH bICTBIK IMpecTey HeMece OAWJAHBICTBIPFBINI 3aTTapAbl MaljalaHa OTBIPHIII,
Heri3ri MaTepua/Jbl arjoMepaluysaaay apKplibl KQXKeTTi NilliH/eri 6eJilieKkTepAi AalibiHAAY
TEXHOJIOTUSICbIH KYPYAbIH apKacblH/la MYMKIiH 60J14bl. Bys1 TEXHOJIOTUSIHBI KOJIJJaHY apKblJbl
aJIbIHFaH KepaMHUKaJ/IbIK MaTepUasibl 6HJEY *KeHiJ, COHABIKTAH KO3FaJTKbILI OeJIeKTepiH
»KacayZa OFaH apThIKIIbLIBIK 6epiireHi MaHbI3/bl.

76 N21(146)/ 2024 JLH. ['ymunes amoindarel Eypaszus yammuoik yHueepcumeminiy XABAPILBICHI.
TexHUKAIbIK FbLALIMOAD JHCaHE MEXHOA02USIAAP CePUsIChl
ISSN: 2616-7263. elSSN: 2663-1261



HuauHdp-nopuieHbdik monh KypblabICbiHOA KepaAMUKA/IbIK MaAmMepuandapobl KoA0aHy

dJicTrep

KepaMukaJblK KipicTipy MeTa/ulyprusiblK MallWHaZa Kylo, CaJKbIHAATY, KbICBIMMEH
KPUCTAJNAaHy apKblIbl Ky, TUKCO-KYIO XK9He TUKCO-IITAMITAy apKbLJIbl KOMIIO3ULIUAJIBIK
OeseKkTepZli eHAipy caJsiacblHa »xKaTaabl. Kypanfa aniblH aja JAalblHAAJFAaH MeTasll
KepaMUKaJIbIK KipiCTipy OpHaThIJIFaH.

ComaH kKeHiH MNOpLIEHBbJIK KOPHyC MeH 00Ka KaJjbllTanajbl. HaTuxkeciHze MyHAau
HoplueHbJep/Ai KOJJaHbICTaFbl a0 bIKThl NaiasaHa OThIPbINl 6HEPKACINTIK 6HJIpY KoHe
calachlH aKcapTy MYMKIiHAIKTepi keHele/i. OHepTabbIC MeTa/JIyprusJiblK MallMHa »acay/ia
KY10, CAJIKbIHZATY, KbICBIMMEH KPUCTaNaHy apKbLJbl KYI0, COHZIal-aK TUKCO-KYI0 YK9He THUKCO-
IITAaMIITAy 9AICTEPIMEH KOMIO3ULUSJIBIK O6JIIeKTep/i 6HAIpYy cajiachblHAa »KaTafbl >KoHE
6acKasiap/laH apTypJli KOMIO3UTTIK OYWbIMAAP/bl 6HAIPYZAeEe KOJA4aHbLIybl MyYMKiH.

Kypama O6eJiiekTepAi Ky KeprijikTi 6epikTiKTi apTTbIpyfa, TO3yfa Te3iMIiMiKTI
YKOFapblIaTy¥a, KyWMaJlapZblH JAalbIHJbIFbIH KaKCapTy¥Fa KoHe OJIapAblH KaHa KacueTTepiH
OPHBIKTBIPYFa MYMKIiHAIK 6epe/i.

YcbIHBUIFAH  9JicTiH, 6asaMackl imTeH »aHaTblH Ko3faaTkpimtap (ICE)  yuwin
KOMIIO3ULUAJBIK NOpLIeHbAEpPAl 6HAIpy[e KOJJaHblIAThIH 9Aic 60Jibln TabbLiaAbl. MyHa
NOpIIEeHbAIK CaKWUHaJapAblH OPHATbLIATBIH >XEepiHiH OepiKTiri >koFapbl MaTepuasjgapAaH
- JlerdpJjieHreH 0o0JlaTTaH HeMece LIOWbIHHAH »KacajJfaH KipicTipyJepaeH :xacaiajpbl.
[lopmieHb/iik MaTepua/iMeH Oepik 6Gal/IaHbICThl KaMTaMachl3 €Ty VIIiH MyHJaH KipicTipy
aJIZ bIH aJ1a KbI3/bIPbLJIa/ibl, AJIIOMUHU3UPJIEHEe 1] )KoHe TOPIIEeHbHIH Heri3ri Kopnychl KaJbIIThbI
HeMece KaJIbIITa KypauThIH MeTaJIMeH TOJIThIPbLIa/bl. ByJl TEXHOJIOTUS @HEePKACINTe KeHiHeH
KoJaHbl1aAbl [4]. /lereHMeH, aBTOMOOW/Ib ©HepKacibiHAeri mporpecke 6alaHbICTHI
KO3Fa/ITKbIIITApAbIH, TUIMAIIrIH apTTBIPY VIUiH IOpILIeHbJAepAe MeTa//l KepaMUKaJbIK
KOChIMIllaJIap/bl KOJIAHY )XYMbICTAphI XKYyprisinyze.

KoMmo3uTTiK MeTasl/I-KepaMUKaJbIK, OeJillieKTepAi KbICBIMMEH KpUCTa/Jay apKblJbl
KYIOZbIH, CIHAIpY *K9He KeKe KOMIIOHEeHTTepAi 6ip OyTiHre 6ipiKTipy aficTepi KoJiAaHbLIaAbI.

Hatmxesnep

ByJs1 aAicTiH 3KCIEepUMEHTTIK MbICajbl KYMbIC KaMepacblHa IOpPLIEHb TY3eTiH KeyeKTi
KepaMHUKaJbIK KipicTipyZi OpHaTyAbl, OCbl KaMepara CYWbIK MeTaJJAbl KyOJbl, KeyeKTi
MeJiiepJieMeHi 6aJKbIMaMeH CiHAIpy/i»koHe MeTaslibl KbICBIMMEH KPUCTaIJaHyA bl KAMTUTbIH
KOMITO3ULUSAJIBIK O6JIIIeKTep/li KpUCTANAAHy apKbLIbl xacay 9iici 60J1bII TabbLIAbI.

KeMuinikrep:

- ipi KopbITnaJibl KypaMJacTapAblH CY3iJyiHiH )KOFaphbliaybl )XoHe OJIapAblH CiHAIpiAreH
KipicTipy MaTepHabIHbIH LIeKapacblHAA )KUHAIYbI;

- JlaublHAAMaHbIH, HeTi3ri MaTepUaJsIblHblH, KypaMblHaH 9He JaWblHJAMaHbIH Heri3ri
MaTepUaJiblHAH XWMUSJIbIK KypaMbl OOWMBIHILA epeKlleJeHeTiH CyWbIK CyOCTaHLUsAFA
MaJIbIHFaH KipicTipy KypaMblHaH epeklleseHeTiH ©3iHAIK XUMUSJIbIK KypaMmbl 6ap
auTapJbIKTak 6ydepsik aiMaKTblH — lIeKapaHbIH, aija 60J1ybl;
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- ciggipisreH KipicTipyMeH 1IeKapazarbl CIHAIpIIreH MaTepualiblH MeXaHUKaJbIK
KacueTTepiHiH e3repyi, Oys OeJiKTiH Heri3ri MaTepua/iblHaH KipicTipyziH 6eJsiiHy acepiHe
dKeJieZli, a1 MeXxaHUKaJbIK XXYKTeMeJiep Ke3iH/e /191 0Cbl alMaKTa JAaiblHaMaHblH OY3bLIYbI
OpbIH aJIaZibl.

MeTasni-KepaMUKasbIK KipicTipy/epi 6ap illiKi »kaHy KO3FaJITKbIIITAPhbl YIIiH NOPIIEHbAIK
a3ipsieMesiepi JaWbIHAAYABIH, YCbIHBUIFAH OJiCiHIH, TEXHUKaJIbIK HOTHXKeCi »KOFapblza
KepCeTi/ireH KeMUIIIKTepAl 010, OTKI3rilll KepaMUKaJbIK KipicTipyZi O6aJKbITbLIFaH
MeTaJIMEH CiHAIpYy KoHe TyTacTal aJifaH/ja NOpLIeHb/i CbIFBIMAAY.

Byn kafmaiifia, eHaipicTiH OipiHIII Ke3eHiHJe MOpIIEeHb KepaMUKaJbIK AaWbIH/bIK
KepaMUKaHbI 6aJKbITbIJIFAH MeTaJIMeH CiHAipy apKblJibl 6eJiek npecc-popMaza JaibIHa1a/1bl
KOMKOBKAa IHporeci xypeZi. MeTasi-kepaMUKaabIK KipicTipygi asjblH-asa JalblHAQY
ciHZiprim MaTepua/laH KepaMUKaFa KapanaubIM 11aii6a apKbljibl KQXKET eMeC 6Ty ailMaFblH
»KOIOFa MYMKIiHJiK Oepefi. CiHaipeTiH MaTepuanabl TaHAAy apKblibl KepMeT KipicTipyiHiH
YKOFapbl MEXaHUKaJIbIK KaCHUeTTepiHe KoJ1 )KeTKi3isnesi. COHbIMeH K0ca, MeTaJlJl KEpaMHUKaJIbIK
KipicTipyai 6esiek JalblHAAY TOCiJli OHbIH KAaCUeTTEpiH KaKcapTaTblH 6acKa 3JieMeHTTepAi
KOCyFa MYMKiHJliKk Oepefi. Mbicanbl, OypaHAajbl eMec JalHepJiep MeH KeJAeTKill
CaKUHaJIap/ibl €Hri3y KO3FaJTKbBILITHIH, aJ/lbl >KYMbICbIH aWTapJIbIKTAal KakKcapTa aJa/bl.
CoHbIMEH KaTap, MoplleHb KOPMYCbIHbIH, MeTaJMeH KipicTipyZiH 6epik aAre3vsicblHa bIKNaJ
eTeTiH bipKaTap TeXHUKAJbIK 9AicTepAi KosJaHyFa 60sa/ibl. Mbicasbl, MOplieHb I0OKacbIHA
KaTbICTbl KOHYCTBIK, KaFbl O0ap JlalHepAiH COHFbI OeTiH/le OMBbIK HeMece COKbIp TecCik manja
6oJs1a/ibl, OJ TOpPIIEHb/JiI MNpecTey Ke3iHJe OaJlKbIThbLIFAH MaTepuaJMeH TOJIThIPbLIA/bI
[4]. TopmeHp eHAipiciHiH ekiHIII Ke3eHiHJe MeTa/lI-KepaMHUKaJbIK KipicTipy mnoplieHb
JlabIH/IaMaChIH Kacayfa apHaJ/IFaH KaMepaFa OpHa/IacThIpbl1a/ibl, KAXKEeTTi KOpbITIIaJlapMeH
TOJIThIPbLIA/bl )KOHE OHIM KOKUJIb KY10, KYI0 HEMece DalIKbIMaHbl KPUCTANAAH/bIPY apPKbL/Ibl
KYI0 CUSIKTbI 6eJITiji 9/jicTepMeH OpbIHAANAbI.

YChIHBIIFAH 9/JiCTiH TeXHUKAaJIbIK HOTHXKeCi MOpIIeHb/iK KOPNYyC MeH I00KaHbl KaJbIITay
TOPJIbI NIpecc TYpiHJe HeMece KOKWJIb Ky GopMacbiH/la HEMecCe aj/iblH-ajla JaWlblHAaJFaH
MeTaJlJI-KepaMHUKaJbIK JlallHep OpHaJIaCThIPbIJIFaH XoHe MOpILeHbAIK KOPIYC NeH I0O6KaHbI
KaJIBbIIITAY XKy3ere acblpblJIaTblH UH'bEKLUMAJBIK KaJIbIIITA XKy3ere acblpbliaazbl. by xkarmanaa
KipiCcTipyAiH COHFbI GeTiHJAe MOplIeHb/IiK I00Ka XoHe Kepi KOHYCTbIK CaKHWHaJ/bl Aenpeccus
naiija 6oJiaZibl HeMece KipicTipyZiH COHFbI GeTiHJe COKbIp TeCiK OpPHBIFaZbl, aJ KeyeKTi
KepaMUKaJbIK KipicTipyre 6ajJKbIMaMeH CiHJipy a//iblH/la KaTaUTaTbIH CaKyWHa OeKiTiyeni.

MeTasis1 KepaMHUKaJbIK KipicTipysiepi 6ap ilTeH aHy KO3FaJTKbILITAPhbI VIIiH MOPIIEHbA]
a3ipJsieMesiepAi JalbIHAAYAbIH YChIHBLIFAH 9/ici 60MbIHIIA rpaduKa/blK MaTepuasjgap 1-3
cypeTTe KepceTiireH. MyHa: 1-cypeTTe MeTa/ll KepaMUKaJbIK, KipicTipyi 6ap moplieHb/iH
KOHCTPYKILUSChI OepiJreH;
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i

CypeTt 1. MeTas1-KepaMHKaJIbIK KipicTipyMeH »KacaJ/IFaH NOplIeHb

2-cypeTTe MeTa/l/l KepaMUKaJIbIK KipicTipyAl CiHAIpY »XoHe KypacTbIpy YLUiH apHaJ/IFaH
LITaMII KepCeTiJIreH;

X 1

/// L
3

Cyper 2. MeTaJi-KepaMUKaJIbIK KipicTipyai ciHAipyre >k9He KypacTbIpyFa apHaJIFaH LITaMII

3-cypeTTe NoplleHb/i KaJbINTayFa apHaJFaH Kbl (CaJIKbIHAATY) KOPCETIIreH.

NN
77

.

N

Cyper 3. [lopiuieHb/i KaJIbINTayFa apHa/IFaH WITaMI (KOKHWJIb)
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NeZ2 meTass1 KepaMHUKaJbIK KipicTipymen N1 paBuratesb NMOpPLUEHIHIH, KOHCTPYKLMACHI
KypacTbIpMaJibl KOHJBIPFbI 60JiblN Tabbl1aAbl. O MeTa/IMeH ciHipiireH N23 kepaMHUKaJbIK
manbasaH Typazjbl )koHe N°2 KepaMHUKaJbIK KipicTipy moplieHb eHiMZiJIIriH aKcapTaTblH
Ne4 KapchlibIK CaKMHACcblH HeMece 6acKa (MbIcasibl, XKeJaJeTy) CaKMHaHbl KAMTYbl MYMKIH.
Ne 2 MeTa/1-KepaMHUKaJbIK KipiCTipy NOplLIeHbHIH KaJfaH OeJliriMeH yJIKeH CeHiMAiaik
yiiH Ne5 KyJsbllTay KOCBIJIBIMBIMEH >XajifacaZbl. bys cakuHa/bl OHMBIKTap HeMece OHbIH,
COHFBI OeTiHJeri COKbIP TeCIKTep CepHUsChl, MOPLIEHbHIH I06KacblHA Kapchl OYHipJiK KOHYC.
MeTasi-KepaMUKasbIK, KipicTipyai xacay yuiH N°3 KbI3AbIpblIFaH KeyeKTi KepaMHUKaJIbIK
maiba MeTaJlJl-KepaMHUKaJbIK KipicTipyZi KypacThlpy yuliH MepTabaHfa cajblHafbl. KaxeTt
6osica, 6ys1 MepTabaHfa ajJblH ajna aJuTTeareH N24 pe3uCTUBTI eMeC CaKMHa KOCBhIMILA
opHaTtbl1aAbl. CoflaH KeHiH KepaMHUKaHbl CiHZipyre apHajJfaH baskbiMa KyWblaa/bl.
Ne7 COKKBbIHBIH, KeMeriMeH OasIKpIMaHbIH OeTiHe KbICbIM KOJIAAHbLIAZbl, OHJA MeTaJsll-
KepaMUKaJbIK KipicTipyZiH cyibIK 6eJiiri ciyin, kpuctangaHaabl. [akbiH eHiMai utepy N8
WTeprilllleH y3ere acblpbliaZbl. MexaHUKaJIbIK 6HJEy HOTHMXKECIH/e a/IbIHFaH KipicTipyaiH
eJsiieMziepi 6epijireH MaHTe eTKi3isei, oHbIH imiHge N1 Heri3ri nmopiieHbHIH MeTajblHA
HeFYpJibIM 6epiK KOCbLIyFa apHaJ/IFaH KyJIbIITay KOCbLJIBICTapbl OpbIHAANAbl. A/lbIHFaH N2
KepaMHUKaJIbIK, KipiCTipy NOplIeHb JalblHAAMacCbhlH OZaH api Ka/bllTayAa KoJgaHblaaabl. O
YLIiH OHbI KalTa KbI3bIPbII, MeTa/LJI-KepaMHUKaJIbIK KipiCTipiJireH noplieHbl KaablTay yLiH
Ne9 maTpuuara opHasacTeipazbl. CyMBIK IITaMITAy Ke3iH/e NOpLIeHbHIH HEri3ri MaTepuasbl
6aJIKbIMaCbIHbIH, OeJriii 6ip MeJilepi cos MaTpunara KyWbuiazbsl. KaTTel cyWbIK IITaMOTay
Ke3iH/le peo HeMece THUKC JalblHAaMacbhIHbIH, 6ip 6eJiri casbiHaibl. CofjaH KeliH mopuieHbAi
JlavbIHJaMaHbIH COHFbI LITAMIITAYbl XKacaJla/bl.

Cy#blK mITaMnTay Ke3iHAe COJ MaTpullaFa NOpLIEHbJAIK Heri3 MaTepHasbIHbIH, GaIKbI-
MacCbIHbIH, 6eJriji 6ip Mesepi Kyhbliaaabl. KaTTbl CyWBIKTBIKTHI IITaMITayAbl NaiijajlaHFaH
Ke3/le peo- HeMece THUKC-JalbIHaMaHbIH 6ip 6eJiiri casbiHagbl. CofjaH KeliH MoplieHbAIK
JlavbIHJaMaHbIH COHFbI LITAMIITAybl OPbIH/AAIA/IbI.

MeTan1 KepaMMKaJbIK KipicTipysepi 6ap JBuraTesbjap YIUiH NOpPLIEHBAIK JalbIH-
JlaMaJsiap/Zibl OHAIpY d/liCiH naijajaHy KeJjieci HoTuXKeJepAi 6epeni:

- eHepKacinTe 6ap »abAbIKTbI Mal/jajlaHa OTbIPbIN, MyH/1all MOpLIEeHbAEPAI 6HEPKACINTIK
OH/Jipy MYMKIH/ITIH KEHEUTY;

- OCBbIHZAM MOpuIeHbJEpAi Ky, KYI0, KYI0, TUKCO- )XoHe KaWhTa LITaMIITay dJicTepiMeH
»Kacay MYMKIHZITIH iCKe acbIpy;

— 2KOFaphbl canaJibl MeTaJlJl KepaMUKaJIbIK KipiCTipyMeH NoplueHb/i AalbIHAAMAIAp aly;

— KYIIEUTKIll HU-PE3UCTTIK KoHe KeJIJIETKIIl caKkhuHalapbl 6ap 6epiKTiri »koFapbl MeTaJLl
KepaMUKaJIbIK KipicTipynepai any.

ANIOMUHUN KOpbITHAJApPbIHbIH O€TiH e3repTy/iH THUIM/i, YHEM/i KOHE 3KOJIOTHUSJIBIK,
Tasa 9jicTepiHiH 6ipi MUKpPOAOFaIbIK TOTBIFY 60JiblN TabbLIaAbI [5]. [Ipouecc asekTpoauTke
OpHaJ/IaCThIPbLIFAH O6J/ILIeKTepAiH 6eTiHJeri MUKPOAOFa/bIK pa3paATap TYpiHZeEri )KOFapbl
TeMIlepaTypaJjbl 3JIEKTPOXUMHUAJIbIK peaKLuara HerizgearedH. Peaknuusa HaTUXKeCiHAe
KaTTbLIbIFbl MEH OEpiKTiri >KOoFapbl, XUMUSJIbIK, O€JICEHAINIr TOMEH, Kby >XOHE 3JIEKTP
eTKi3rimTiri 6ap KanbiH (400 MKM-re JlediH) »kabblHAAp naijga 6oJiajbl. [l1eHKaHbIH Mexa-
HUKaJ/IBIK [apaMeTpJiepi 3JIEKTPOJUT KypaMbIMEH >XoHe 3JIEKTP 6HJey pexumepiMeH
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peTTesie/ii. JJIEKTPOU3AePre HATPUM, KaJIUH )KoHe OacKa JierupJieyilli 3/ieMeHTTePAiH ciaTii
epitinginepi xkarazbl. [Iponectiy 6encenzipy kepHeyi agerte 450-500 B Kypaiijbl.

MUKpoO-A0FaibIK )a0OblHAAp/IbIH HETi3Ti apThIKIIbLIbIKTAapbl 60/1bIN TabbL1aabI [1][2][6]

- OepikTiri 6o¥bIHIIA rayhap TacTapAaH KeliHri eTe 6epik *KabbIHAAP/bI )Kacay MyMKIH/IT;

- Ke3 KeJreH KOHQUrypauusiZiarbl OeJIlIeKTepAiH CBhIPTKbl *KoHe IilKi 6eTTepiHe
KaObIHAAP/bI )KaFy MYMKIHJ(T;

- KOCBhIMILIA 60yChI3 )KaObIHAAP/bIH 9PTYPJii TYCTEPiH any MYMKIH/ITI;

- beTTep/li aJiAbIH ajia 6HAEYAIH KaXKeTTiJliriHiH 60/1Maybl;

- KOppPO3HUs/IaH l1apliayFa »KoFapbl Te3iMiliK (3koFapbl TO3IMAiJIIK L1€eri);

- KepaMMKaJIblK >KaOblHbl 6ap KO3Fa/JTKbILI >KbLIy/Jbl yCTayFa O6alJaHBICTbl KyaTTblH,
yJIFalobIH KepceTei, AFHU TUIMAUIITIH 8-10%-Fa apTThIpaJbl.

1-kecteze KopbiTnanapra M/10 »kabblHapbIHbIH TEXHUKAJIbIK, CUIIaTTaMaJslapbl 6epijreH:

Kecre 1
Kopsbrtnanapgarsr M/10 xabbIHAAPbIHBIH, TEXHUKAJIBIK CUIIATTAMaChI
CunatTama Maruui KopblTnaaap ANIOMUHUE KOpBITHIAJIAp
KanTay KaablHAbIFbI, (MKM) 10-300 10-300
MukpokaTTbLIbIK, (H.V.) 650-950 800-1950
Yiikenic koapdunenTi 0,01- 0,02 0,01 -0,02
By3bLiy kepHeyi, (B) 600 4500

CypeTe MUKPO-/10FaJIbIK, *KabblH/Jap KOPCETI/ITEH.

Cyper 4. a) AmoMuHu# )ka6b1H AD31, 6) maruuii ML5 KopbiTna

XabbiHaapablH KacueTTepiHe OYHBIMAApAbIH 6eTiHJe KepaMUKaJblK OKCHATI IJIeH-
KaJlapZibl KaJbIITAaCThIPYy apKbLibl KOJI KeTKi3ineni, atan ailtkauaa - AL203 (kopyHna), 6yJ
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OeJlLIeKTep/liH, TO3yFa >KoHe KOppOo3usfa Te3iMJiliriH bipHelle ece apTTbIpyFa MYMKIiHZiK
6epeni [2]. MUKpOAOFaIbIK TOTBIFY TEXHOJIOTHUSACHI apKblJibl 6HJIpiJreH ilITeH aHy KO3-
FAJITKBIIIBIHBIH O6JIIIeKTepiHe KepaMUKaJbIK KabblHJAap To3yAbl 10 ece azaiiTajbl KoHe
IITEH aHaTbIH KO3FaJITKbILIThIH KbI3MET €Ty Mep3iMiH apTThIpabl [7].

KopbITBIHABI

Ocpliaiiia, Oyl FBUIBIMHA 3epTTey/ep, erep MNOpUIEHBbJIK NpPodUIb MeH LUWJIWHAD
TOCEeMi TeXHOJIOTUSJIBIK TasallTapFa COMKeC AYypbIC OpbIHJA/CA, OipAel ChI3BIKTBHIK KeHelo
Ko3pbunueHTi O6ap MaTepua fapAbl NManjajaHa OTBIPHIN, IMIKi KaHy KO3FaJITKbIIIbIHBIH
UJIMH/P-TOPLIEHb/iK TOObIHA XOH/Jey KUHAFbIH 93ipJeyre MyMKiHAik 6epefi. XKoFapbiga
cunaTTaJIfaH ollepalysaap NopLIeHbAiK CaKMHalap/Abl NailfjasaHy/bl 60AbIpMaibl.

ABTOpJ1apABbIH, KOCKAH YJIeci

KymanueB [.K., ujess aBTopbl 60JIbIN TabbLIa/ibl, )KYMbICTbIH, 6AFbITBI MEH OacTalKpbl
MaJiMeTTepAi YChIHABL. 2KyMBbICTBIH 6ACTbIJIybl MEH KY3€re acbIpblIyblHA YJIEC KOCTHI.

Kopa6aii P.B., )xeTeK11i yCbIHFAH U/ieIHbI 9pi Kapai »keTiAipimn, »kaHa MaJliMeTTep »KUHall,
YKYMBICTBI asAKTa/bl.
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HuauHdp-nopuieHbdik monh KypblabICbiHOA KepaAMUKA/IbIK MaAmMepuandapobl KoA0aHy

Kymasmes 1.K.!, Kopa6aii P.B.!
1Eepa3sutickuli HQUUOHA/IbHLIU yHUgepcumem umeHnu J1.H. ['ymuiesa,
AcmaHa, KazaxcmaH

Hcnoab3oBaHue MNEePCNEeKTUBHbIX MAaTEPHA/JIOB B HTUJINHAPOIIOPIIHEBBIX rpynmnax

AHHOTanus. /laHHas cTaTbs NOBeCTByeT 00 HCIIOJb30BaHUM KepaMHUYeCKUX MaTepuaJioB JJid
NoBbIIeHUs 3PPEeKTUBHOCTH U U3HOCOCTOMKOCTH KOHCTPYKILMM JIBUTaTe/sl BHYTPEHHEro CropaHusl.
[IpuMeHeHHEe KepaMUYECKUX MaTepUasioB OOYCJOBJEHO BBICOKOM CTOMKOCTBIO K TeMIlepaTypHbIM
dakTopaM, a TakKe CHWXEeHHBIM Ko3pduMeHTOM TpeHHd. Kapbusa KpeMHHUs U HUTPHUJ, KpPeMHHUA
SABJAIOTCA 6GoJiee MOAXOJAIIMMU MaTepuasaMd. JTH MaTepuasbl MIMUPOKO pPacHpoOCTpPaHEHbI B
IIpUpOJie, TaKKe, KaK KBapleBbli N1eCOK, 10JIeBOH IUNAT U KA0JIMH, U UCII0JIb3YIOTCA AJ151 IPOU3BOJCTBA
KOMIIOHEHTOB TpebyeMoi GopMbI IIyTEM ropsiuero MpeccoBaHHUs UJIM ClIEKaHUsI OCHOBHOTO MaTepuaJsa
CO CBAA3YIOLIMM. TeXHOJIOTUs KU KOU ITaMIOBKHU C KEpaMUYeCKUMU BCTaBKaMU OTHOCUTCS K 06J1acTH
IIPOM3BO/CTBA KOMIIO3MLIMOHHBIX ZleTaj/leld B MeTa/I/IypriieckoM MallMHOCTPOEHUH MeTOJaMH JINThA,
XOJIOZHOTO JINThS, INThS N0 JaBJIeHUEM, TUKCOJIUThS U TUKCOLITaMIIOBKU. B cOCTaB OCHAaCTKH BXOAAT
roTOBble MeTa/lJIOKepaMHUUeCKHe BCTaBKHU.

Knio4yeBble c10Ba: peMoHTHBIN KoMiieKT, LIIT, TpuboconpsikeHue, [IBC, nopiieHs, ruib3a.

Use of ceramic materials in cylinder piston groups

Kushaliev D.K.}, Korabay R.B.*
IL.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Abstract. This article talks about the use of ceramic materials to increase the efficiency and wear
resistance of the internal combustion engine design. The use of ceramic materials is due to their high
resistance to temperature factors, as well as a reduced coefficient of friction. More suitable materials to
use are silicon carbides and nitrides. The raw materials for their production are substances widespread
in nature: quartz sand, feldspar and kaolin. manufacturing parts of the required shape from them by hot
pressing or sintering of the base material using binders. The technique of liquid stamping with ceramic
inserts refers to the production of composite parts in metallurgical engineering using the methods
of casting, cold casting, casting with crystallization under pressure, as well as thixocasting and thixo-
stamping. The tool has a prefabricated metal-ceramic insert.

Keywords: Transport, repair kit, CPG, tribocoupling, internal combustion engine, piston, liner.

References

1. Dudareva, N. Yu. Effect of ceramic coating, formed by the method of micro-arc oxidation, on
the strength of internal combustion piston engines / N. Yu. Dudareva, A. A. Ishemguzhin // Strength
of heterogeneous structures - PROST 2023: Proceedings of the 11th Eurasian Scientific and Practical
Conference, Moscow, April 18-20, 2023. - Moscow: Studio-Print Limited Liability Company, 2023. - S.
192. - EDN JNEWBT.

JLH. T'ymusnes amwindarsl Eypaszus yammoik yHueepcumeminiy XABAPILBICHI N21(146)/ 2024 83
TexHUKAJIbIK FbLALIMOAP HCIHE MEXHOA02USLAAP CePUSICHI
ISSN: 2616-7263. eISSN: 2663-1261



Kywanues /].K., Kopa6ati Ph.

2. Butusov, I. A. Investigation of the influence of micro-arc oxidation on the wear resistance of the
diesel engine piston / I. A. Butusov, N. Yu. Dudareva // Science and education: scientific publication
named after MGTU. N.E. Baumana. - 2013. - No. 9. - S. 127-144. - EDN RMYELL.

3. Dudareva, N. Yu. Investigation of the influence of ceramic coating on the thermal state of the sleeve
cylinder / N. Yu. Dudareva, M. A. Prokofieva // Dvigatelestroenie. - 2021. - No. 3(285). - S. 3-6. - EDN
HAKBAR.

4. Efimova V.A. Special casting methods. Directory. Machine building, 1991, p. 669.

5. Lipchin T.N. Production of blanks by piston casting with crystallization under pressure”, publishing
house of Tomsk University, Perm Department, 1991, p. 117.

6.Milovanov, D.A. Investigation of the properties of MDO-coating for the cylinder-piston group DVS
with nano-alloying / D. A. Milovanov, A. V. Chavdarov // Trudy GOSNITI. - 2018. - Vol. 132. - S. 176-181.
- EDN VLSWAM.

7. Chavdarov, A.V. Perspectives of using technology MDO for internal combustion engines / A.V.
Chavdarov, V.A. Denisov // Agroengineering. - 2020. - No. 5(99).-S. 38-42. - D01 10.26897/2687-1149-
2020-5-38-42. - EDN ZMMVGO.

CBeeHMs 06 aBTOpE (aBTOpaXx):

Kywaauee /Jaypen Kaiicapoeuu, K.T.H., EBpasuickuii HalMOHaJbHbIH YHHBEPCUTET HMEHH
JLH.I'ymuneBa, ynuua KaxxbiMykaHa, 13, ActaHa, Kazaxcran, zkaty777 @mail.ru

Kopaéaii Puzaéex Baxmuspyvl, 10KTOpaHT, EBpasuiickuii HallioOHa/IbHbIM YHUBEPCUTET UMEHHU
JLH. T'ymuneBa, ynuna Kaxxkeimykana, 13, Actana, KaszaxcraH, rizabekkorabay@gmail.com

Kywanaues Jlaypen Kaiticapoeuu - 1.f.x., JLH.I'ymunes ateiHgarbl Eypasus yiTThIK yHUBEPCUTETI,
KaxxbimykaH, 13 Actana, KazakcraH, zkaty777 @mail.ru

Kopaé6aii Pusza6exk Baxmusapyael - poxktopadT, JI.H.I'ymuneB atTbiHaarbl Eypasusi yaATTBIK
yHuBepcureTi, KaxxpimykaH, 13, Actana, KaszakcraH, rizabekkorabay@gmail.com

Kushaliev Dauren Kaisarovich, candidate of technical sciences, teacher, L.N. Gumilyov Eurasian
National University, Kazhymukan street, 13, Astana, Kazakhstan, zkaty777 @mail.ru

Korabay Rizabek Bakhtiyaruly, PhD student, L.N. Gumilyov Eurasian National University,
Kazhymukan street 13, Astana, Kazakhstan, rizabekkorabay@gmail.com

84 N21(146)/ 2024 JLH. ['ymunes amoindarel Eypaszus yammuoik yHueepcumeminiy XABAPILBICHI.
TexHUKAIbIK FbLALIMOAD JHCaHE MEXHOA02USIAAP CePUsIChl
ISSN: 2616-7263. elSSN: 2663-1261



JLH. I'ymunee amuinoarel Eypasus yammeoik yHueepcumeminiy XABAPIIBICHL.
ISSN: 2616-7263. eISSN: 2663-1261
TEXHUKAJIBIK FbUUIBIM/IAP )KOHE TEXHOJIOTUSAJIAP CEPUSACHI /
TECHNICAL SCIENCES AND TECHNOLOGY SERIES/
CEPUA TEXHUYECKHUE HAYKU U TEXHOJIOTUH

IRSTI 73.29.21 DOI: https://doi.org/ 10.32523/2616-7263-2024-1-104-113
Review article

Organizing passenger flows at the station complex

B.N. Muratbekov*}, L. Vakhitova?™, G. Muratbekova3*“, N. Aimanbetov*

12Academy of Logistics and Transport, Almaty, Kazakhstan
3Academy of Civil Aviation, Almaty, Kazakhstan
*S. Seifullin Kazakh Agro Technical Research University, Astana, Kazakhstan

(E-mail: *b.muratbekov@alt.edu.kz, Lvakhitova@alt.edu.kz, gv170471@mailru,
nur.aimanbetov93@mail.ru)

Abstract. This article considers the issue of optimizing passenger trafficat the
station complex in modern conditions. The experience and scientific research of
foreign scientists from China, Japan and Russia have been studied. Four different
ways of organising passengers are discussed, with the most promising and
working method revealed to be a comprehensive change in the train schedule
and dynamic routing of passengers with absolute blocking. A forecast model in
its turn depends on verifiable information, can more or less produce anticipated
approaching volume of people, but it appears to be compelling when there are
celebrations or understudy occasions. Whereas building a modern stage with
a reason of facilitating an exchanging section does relieve the circumstance at
the station and security measures considerably. Lastly, the most issue of serving
traveler amid the COVID-19 pandemic were taking off strategy from stations
and arrangement of travelers to sit separated at a certain distance for shirking of
cleansing. In this master’s proposal, the procedures to handle and gauge traveler
stream have been regarded, but activities need to be made amid breakdown of
trains have not been surveyed.
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Organizing passenger flows at the station complex

Introduction

There are several types of railroad stations: some are placed under the ground (subway) and
other are located above the ground. In this paper, above the ground level type is considered,
namely, a station complex [1].

Due to their consistently increasing speed, high level of safety, and exceptional comfort,
trains are becoming the preferred mode of transportation for an increasing number of people.
The railway station, which serves as both a hub and a carrier for passengers, has a significant
impact on rail passenger transportation since a steady stream of passengers is what keeps
the station operating normally and without load redundancy [1]. This implies that a fair and
accurate forecast of the number of passengers entering and departing the station may serve
as a solid foundation for both the deployment of employees and the distribution of resources,
as well as the work of security. The passenger flow volume is a highly nonlinear function of
time that not only varies over time but is also influenced by a variety of outside sources. The
passengers visiting the train station have more visible features than those entering other similar
application scenarios (shopping centers, highways, scenic areas), such as obvious periodicity
that is measured in days. For instance, the weather might affect how many people are traveling
through the train station. Nevertheless, notwithstanding the regional variations brought on by
the weather, the general trend is almost unchanged. Second, there are times when the number
of people entering the station at each interval and the number of trains at the following interval
are closely related. This variation in the number of people is particularly noticeable during the
winter and summer vacations as well as other statutory holidays. Despite the fact that railroad
transportation was developed to achieve a large transport capacity for overcoming activity clog
and transport capacity imperatives in some countries with a large population (such as China
and Japan), it is still difficult to manage railroad operation while adjusting the large transport
capacity and spatiotemporally uneven distribution of traveler demand [2].

Having reviewed the importance of the challenge, in the next section of this article, there
will be reviewed different means of estimating passenger flow starting from prediction models,
commercial software, timetable rescheduling, and ending with COVID-19 period case as well as
innovative management.

Literature review

2.1 Neural network-based prediction model for passenger flow in a large passenger station: An
exploratory study

The Chinese researchers have conducted a study involving passenger flow of Beijing station
inaperiod from 2017 to 2018. The primary method used to create the passenger flow prediction
model is neural network-based prediction, where the inputs are the primary variables that
affect how the passenger flow changes and the outputs are the outcomes of the prediction [2].
[t is more accurate to create the weighted forecast by combining with the historical data since
the station schedule is planned in a day cycle and the passenger flow is of distinct periodicity
without considering the interference of external variables. The estimations from the prediction
model can be seen in the following table:
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Table 1
The annual passenger flow of Beijing from June 1 to May 31 (2017-2018) [3]
Data Daily passenger/ Data Daily passenger/
Ten thousand people Ten thousand people

2017/6/1 132.5 2017/10/1 134.2
2017/6/2 113.5 2017/10/2 106.5
2017/6/3 136.5 2017/10/3 117.5
2017/6/4 96.7 2017/10/4 86.8
2017/6/5 124.7 2017/10/5 117.6
2017/6/6 94.2 2017/10/6 93.9
2017/6/7 88.3 2017/10/7 94.8
2017/6/8 85.2 2017/10/8 128.7
2017/6/9 95.3 2017/10/9 116.2
2017/6/10 105.8 2017/10/10 124.4
2017/6/11 111.7 2017/10/11 128.4
2017/6/12 125.7 2017/10/12 97.2
2017/6/13 93.7 2017/10/13 138.2
2017/6/14 105.5 2017/10/14 1371
2017/6/15 94.6 2017/10/15 121.6
2017/6/31 85.2 2018/2/14 72.9

Table 1 shows that there is some regularity to the Beijing's passenger movement. Among
them, there is a significant variation in the passenger flow in February 2018. The Spring Festival,
China's most significant traditional holiday, is the primary cause of this phenomena. Beijing was
a top city dominated by immigrants in January [3]. A significant surge in passenger traffic was
brought on by the high number of immigrants who left Beijing during this time of year to travel
back to their hometowns. Additionally, each year's July sees a surge in the rise of passenger
traffic. This time frame corresponds to China's school year's summer break, in which students
are observed to travel a lot. Though the neural network-based prediction model applies formula
for passenger flow estimation and errors in calculations are inevitable, this method has proven
to clearly show a significant difference of fare stream during festivals and student holidays. It
cannot be denied though predicting the flow through historical data is prone to be an old means
itself and to have a lot of errors, being used for many years should be definitely replaced with
novel techniques of forecasting [4].

2.2 Estimation of passenger flow for planning and management of railway stations

Another study held by Japanese investigators delivers the information about the organizing
process of passenger flow at Takatsuki station. Given the station's popularity, a smooth
organization process of passengers’ movement within the station is discussed. In this paper, to
assess the suggested layout, a supplementary platform Osaka bound is adjoined to Kyoto bound
(see Figure 1) [5].
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¢ Osaka bound

PR

Figure 1 - Artistic imagination of the proposed platform [5]

According to the findings, the existing platform's congestion will lessen. However, due to
flow conflicts between passengers transferring and those boarding and alighting, connecting
routes to the new platform may get crowded [5]. In other words, the concourse area would
experience more congestion than the current platform does. That is considerably preferable
than the existing scenario in terms of safety. In any case, it could now be viable to look at altering
the train schedule to lessen harmonics among transferring passenger flows in order to further
ease the congestion on the sidewalks. The methods authors of this paper suggest is going to be
described in more details in the next literature.

2.3 Integrated railway timetable rescheduling and dynamic passenger routing during a
complete blockage

Further research conducted by Chinese investigators reveals that for railway dispatchers
and passengers, real-time train rescheduling is crucial during a total track closure. In this
study, they added the passenger route option to the train rescheduling problem [6]. A space-
time network-based integer linear programming (ILP) model creates the integrated train
rescheduling and passenger routing. This algorithm was able to determine the precise paths
for each train as well as the viable, complete train disposition timetable. Additionally, routes for
passengers were adjusted taking into account a disruption's restricted train capacity. With the
assumption that the passenger Origin-Destination (OD) requests are known both before and
after the interruption, the model was proven to be appropriate for train systems without seat
reservations [6]. Estimations from ILP model yields the following data:
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The sensitivity analysis of parameter w.

Test Value of w Objective value Train operation cost Passenger travel cost Canceled train

1 1 7976 416 7560 0

2 10 11,360 236 9000 1

3 20 12,760 88 11,000 2

4 30 13,640 88 11,000 2

5 40 14,520 88 11,000 2

6 50 15,000 0 15,000 3
16000 450 ~

—m— Passenger travel cost » . .

15000 | - 400 b —m®— Train operation cost
14000 350 -
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Figure 2 - The influence of train rescheduling and passenger routing on both the train
operation cost and passenger travel cost [7]

Application of integrated train rescheduling along with passenger routing proves itself to
be efficiently operating [7]. In comparison with the former two techniques, this method excels
them by challenging case solution. Namely, using ILP model for cases when passenger flow is
highly dense and how train rescheduling can aid to resolve the issue subsequently.

2.4 Influence of Passenger Flow at the Station Entrances on Passenger Satisfaction Amid
COVID-19

The given report has been made by Russian explorers on Moscow railway stations. The
authors utilized the statistics data from the "Railway Media" portal as the baseline information
for estimating passenger flow (passenger traffic at Moscow stations for 2019) [8]. Estimates of
long-distance railway and suburban train passenger traffic were generated using statistical data.
The research had no impact on the perceived quality of long-distance railway stations; in 2019,
it accounted for 18% of all passenger traffic at the Moscow stations (statistically significant
relationship is not disclosed). Long-distance train passengers often visit Moscow stations far
less frequently than suburban train passengers [8]. An emphasis was put on the challenges
that visitors to the station complex encountered at the entry in particular. The variation in
the number of complaints at stations is mostly caused by the volume of passengers at various

stations. The complaint - leaving station process's complexity is the cause. Assessing passenger
traffic through stationary inspection equipment resulted in the next numbers:
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Table 2
Evaluation of the entry grouping capacity for Moscow station complexes using stationary
inspection equipment [8]

Station Maximum Capacity of Entrance Groups Equipped with Stationary
Inspection Equipment (persons/min.)

Yaroslavsky 140
Kursky 280
Kazansky 280
Kievsky 200
Leningradsky 200
Belorussky 220
Savyolovsky 20
Paveletsky 160
Rizhsky 20

This paper is not less important for a reason that it has been explored during COVID-19
outbreak. The operation of station complexes in this kind of situations is of high significance
because railway stations are centers of mass accumulation of people [6]. Since the research is
based on the pandemic period, it gives thorough understanding of how to handle passenger
traffic on station complexes. Overall, the study shows that the majority of passengers waited no
more than 5 minutes at each of the mentioned stations in Table 2. It is also reported that there
were no problems of serving passengers during this period, considering individuals had to keep
a certain distance from each other to prevent disinfection [8]. Even though there were no major
casualties in passenger service on station complexes, it is still important to be ready to have a
station complex operate in problematic circumstances such as COVID-19 pandemic.

Conclusion

In conclusion, the above ground station complex has been regarded in the given paper. As
long as a train station is intended for a surge of a passenger stream, in order for it to function
properly, aside from station functions, the process of organizing passenger flow should be
taken into account as well. In this article 4 various ways of managing passenger flow have been
reviewed. Particularly, neural network-based prediction model relying on historical data of
a station, the construction of a new platform to lessen a congestion of sidewalks generated
by passengers, train rescheduling and passenger routing in a case of a track closure or high
density of boarding passengers, and the arrangement of passenger current amongst COVID-19
ultimately. The first technique, thatis prediction model relying on historical data, can more or less
generate expected incoming volume of individuals, but it only seems to be effective when there
are festivals or student holidays. In our view, a prediction model should be ready to accurately
determine passenger flow regardless of time period. Secondly, building a new platform with
a purpose of easing transferring passage does mitigate the situation at the station and safety
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measures substantially. However, connecting routes to the new platform may get crowded,
leading to even more intensive congestions. Thus, authors introducing the second method
have recommended the next means themselves. The third and perspective process embraces
a concurrent interaction between timetable rescheduling of a rail track and passenger routing.
This method surpasses two mentioned ones and the one to be discussed in a way that it puts
an emphasis on a case of complete blockage. As a matter of fact, the ILP model offers alteration
in conventional timetable of trains because there are circumstances when passenger flow is
higher than departing train’s capacity. Therefore, the model except from railway timetable
rescheduling, takes into consideration holding capacity of boat trains. Lastly, how passenger
flow has been affected during COVID-19 was examined. The main issue of serving passenger
during the pandemic were leaving procedure from stations and preparation of passenger to sit
apart enough for avoidance of disinfection. In spite of the fact that there were no major incidents
in traveler maintenance on station complexes, it is still critical to be prepared to have a station
complex work in risky circumstances such as COVID-19 widespread. In this master’s thesis,
the techniques to handle and estimate passenger flow have been regarded, but actions have
to be made during malfunction of trains has not been reviewed. This, in our opinion, should
be investigated thoroughly because the above-suggested methods are expected to operate
in uninterrupted situations. Furthermore, the assumptions and simplifications of the model
should be examined using several statistical tests to establish a more realistic simulation model.
Ultimately, during the morning peak and rush hours, staff can be added to guide passengers
to operate the related equipment in the station hall to speed up ticket purchases, security
inspection, and entry.
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B.H. Mypart6ekog!?, JI1.B. BaxutoBa?, I.B. Mypar6ekoBa®, H.A. AiimaHn6eToB*
L2 [loezucmuka xHcaHe Kesik akademuscol, Aamamol, Kasakcman
3Azamammubik Asuayusi Akademusicol, Aamambt, Kazakcman
*C.Celigpynnun amoiHdarsl Kazak azpomexHukaavlk 3epmmey yHusepcumemi, Acmaxa, Kazakcmau

Bok3aJ1 KeleHiHAe »K0/1aylIbL/Iap aFbIHBIH YIBIMJACTBIPY

AngaTna. Makanaza aBTopJiap Kasipri »kafjala BOK3aJ KellleHiHJeri »oJlaylbliap aFbIHbIH
OHTalJaHAbIPY MaceseciH KapacTbipaabl. KbiTail, anmoHus xoHe PecelifieH KejreH uIeTes[iK
FaJbIMAAp/AbIH TaXipubeci MeH FBIJIBIMU 3epTTey/iepi Hazapfa ajiblHa/lbl. MaKasajia »oJaylbliap
aFbIHBIH YABIMAACTBIPYABIH TOPT TYPJi 9/1iCiH KOJ1JJaHy apKbl/bl OHTANJIaHAbIPY MaceJieci TajJaHFaH.
BakpLiaysap HerisiH/le eH ©3€eKTi *koHe OeJiceH/[i d/lic MONbI3AAP/bIH, KO3FaIbIC KECTECIH KelleHi
©3repTyKoHe abCoJIIOTTi OKllIayIaHFaH »K0J1ay I blIap/bl JUHAMUKAJbIK 6aFbITTAy 60J1bIN TA0bLIAThIHbI
aHbIKTaNbl. Bo/mkangbl Mozesb, 63 Ke3eriHje, TeKcepisieTiH akKmapaTKa Oal/IaHBICThI, ajaMjaap
CaHbIHBIH, KYTIJIETIH MeJILIEepiH a3/lbl-K6ITIi KaMTaMachl3 eTe aj/ibl. by Mepekesiep HeMece LIaFbIH
ic-mapasiap eTkisisireH ke3jie ceHiMi 6osibin KepiHai. TackiManay TOpabbiH XKEHUIAETY MaKcaThIH/IA
3aMaHayHy aJlaH KypblIbIChl CTAaHLMA ayMaFbIHJAAFbl KAyillCi3JiK l1apajapblH edyip KeHiJAeTeTiHiH
6aiikatTel. COVID-19 naHieMuschl Ke3iH/le )KoJ1ayliblIapFa KbI3MeT KepceTy/Ze TYbIHAAFaH KUbIH/IK
CTaHUMSIApJlaH UIBIFy CTPaTeTrusiCbl MeH Ta3aJsbIKThl CaKTay *KoHe cafxaTIllblIap/blH OeJriai 6ip
KAlIbIKTBIKTA OKUIAYJaHYbIH YHBIMJIACTBIPY O6O0JIJbl. AJaiifila >KOJIAylIbLIAp aFbIHBIH PETTey MeH
ailHaJlaHbIH Ta3aJbIFbIH KajlaFajay icKe acbIpbLIFaHBIMEH, NMOUWBI3JJap TOKTAaFaH Ke3Je aTKAapbLIYhbI
THUIC 9peKeTTep KapacTbIPbLIMaNIbI.

TyiiH ce3gep: »koJsiayuibliap afbiHbI, 6GoJ/Kay MoJeJi, MHTerpalUsiIaHFaH KeCcTeHi e3repry,
*KoJ1aymbLIap/bl 6arbiTTay, COVID-19.
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B.H. MypaTt6ekoB!?, JI1.B. BaxutoBa?, I.B. Mypar6ekoBa?, H.A. AiimaHn6eToB*
LZAkademus noeucmuku u mparvcnopma, Aamamsi, Kazaxcmat
3Akademus zpaxcoanckoll asuayuu, Aamamol, Kazaxcmaw
*Kazaxckull azpomexHuyeckutl uccaedosamensbckull yHugepcumem
umenu C.Cetigpynnuna, Acmana, Kazaxcman

0pra1m3auml MAaCCaAXXKHUPOIMMOTOKA B BOK3a/IbHOM KOMIIJIEKCE

AHHoTanus. B 1aHHOY cTaThe aBTOPhI pACCMaTPUBAIOT MTPO6JIEMY ONMITHMHU3AIUH TACCAKUPOIIOTOKA
B BOK3aJIbHOM KOMILJIEKCE B COBPEMEHHBIX YCJOBHUSAX. Bbl U3yUeH OMbIT U Hay4YHbIe UCCJEeJ0BaHUS
3apy0OeXHbIX yueHbIX U3 Kutas, Anonuu u Poccuu. B aTol cTraTbe paccMaTpHUBaeTCs ONTHMH3ANUs
C WCINOJIb30BaHUEM YeThIpeX Pa3JIUYHBbIX METOJO0B OpraHU3alMX MacCaXUponoToka. Ha ocHoBaHuU
HabJII0[leHHU# Ob1JIO YCTAHOBJIEHO, YTO HauboJiee MePCeKTUBHBIM U paboTalOIMM METO0M SIBJISIETCS
KOMILJIEKCHOE U3MeHeHUe rpaduKa JBUKEHUs MO0e3/[0B U JUHAMUYECKOE HallpaBJeHHEe MACCAKUPOB
C abCoJIIOTHOM 6JIOKMPOBKOM. [IporHo3Hasi Mojiesib, B CBOIO ouepe/ib, MOXKET 00eCleyuThb 6oJiee WU
MeHee 0XKH/IaeMOoe MPUOBJIMKeHUE KOJIMYECTBA JII0JIeH, B 3aBUCUMOCTH OT NPOoBepsieMoi HHOpMaLUHY,
HO OHa Ka)KeTcs HaJeXKHOH, Korja HNpPOBOASATCA Mpa3JHUKHW WM HeOOJIbIIMe MepONpUsTUS.
Y4uThIBasi, 4YTO CTPOUTEJSHBCTBO COBPEMEHHOM CIIEHBI C I[eJIbI0 O6JIETYEHUSI MEePecaijouHoro ysJja
3HAUUTEJbHO YIIPOCTUT CPey CTAHIIUU U Mepbl 6e30nacHOCTU. HakoHel, caMmoii 60J1b110M TP0o61eMOoi
06Cay>KMBaHUS NyTeLleCTBEHHUKOB Bo BpeMs naHgemMuu COVID-19 6bl1a cTparerdsi BbIXo4a €O
CTaHLMHK U OpraHu3aliys, YToObI MyTelleCTBEHHUKU CU/e/IH OT/IeIbHO Ha ONpeJieIeHHOM PacCTOSIHUHY,
4yTOGbI U36€eXaTh yOOPKU. B npes/ioxkeHUH 3TOTO MacTepa pacCMaTpPUBaJIUCh POLEeLypbl 06paboTKU
M U3MepeHMsI NMacCaKUPOIOTOKa, HO He pacCMaTPUBAIUCh AeHCTBUs, KOTOpPble HEOOXOAHUMO ObLIO
NpeANpPUHSATH TP OCTAHOBKE MOE3/I0B.

KitroueBblie c/10Ba: IacCaKUPOINOTOK, MOJieJIb TPOTHO3UPOBAHUS, U3MEHEHHE UHTEIPUPO-BaHHOIO
pacnucaHus, MaplpyTrU3alusa naccaxxupon, COVID-19.
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Abstract. The relevance of this study lies in the fact that the wear of the
working bodies of seeding machines leads to increased fuel consumption,
deterioration of the quality of seed placement, and reduced yields. In this
regard, this article is aimed at studying the condition of hardened working
parts of the experimental grain-fertilizer-grass seeder. Based on the results of
information search, the following hardening methods were adopted: electric
arc cladding with hard-alloy electrodes and sormite; heating of the chisels by
HFC quenching. Samples of experimental chisels of coulter chisels of a grain and
grass seeder made of 65G steel were used for research. The state of worn surface
layers of chisels was studied by ultrasonic flaw detector. Research has allowed
to establish that among hardened samples the smallest equivalent area of wear
has the sample, hardened full working surface by cladding with electrodes
T590, and also according to the results of field experiments this sample had the
greatest resistance to abrasive impact. On the basis of these results as the most
rational method of chisel hardening for production conditions in agricultural
enterprises it is recommended to replace the typical factory heat treatment with
cladding of the full working part of chisel.

Key words: Macrostructural analysis, wear, hardened steel, heat treatment,
ADC diagram, chisel opener, grain-fertilizer-grass seeder.
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Macrostructure of hardened chisel opener with silicon-manganese-chromium based cladding

Introduction

A comparison of macrostructural and microstructural analysis reveals that the former is
unable to determine all the features of the structure. However, this study can be subjected to
the surface of the unbroken product, fractures, unetched macro sections or with the structure
revealed by special reagents, to detect fracture, violation of the continuity of metal, dendritic
structure of cast metal, chemical heterogeneity of cast metal and the presence of coarse
inclusions, fiber structure of deformed metal, structural and chemical inhomogeneity of metal,

To control the quality of metal to detect internal defects without destroying the integrity of
the product, ultrasonic, radiation, X-ray methods of defectoscopy are used, which allow not only
to detect the presence of defects, but also to determine their shape and size.

Ultrasonic method allows you to detect small defects of the part, located very deep in the
product can be using ultrasounds, reflecting sound waves from the defect located inside the
metal. This method not only enables the identification of internal defects, but also their precise
location.

The research paper [1] shows the possibility of macrostructural study to identify defects
of various origins in metal products of parts with stress concentrators. The influence of each
criterion on the properties of steel products, distinctive features of the macrostructure of metal
products and an example of the implementation of the results of macrostructural study to
improve the durability of parts HFC (high frequency current), surface hardened from heating
are considered.

The macrostructural and mechanical properties of rails clad by automatic gas-flame
treatment were studied [2] and concluded that the treated rail had a higher hardness value
(313.6 BHN) compared to the untreated rail (276.7 BHN). The same was confirmed by micro
structural observations: there is a better arrangement of the crystal structure.

Nevertheless, the above mentioned works consider other spheres of mechanical engineering,
and macrostructural analysis of agricultural machinery working bodies was not taken into
account.

Having considered the processes of wear and repair of working bodies of agricultural
machinery and equipment for forage production (plowshare, cultivator tine, disks of openers
and markers of seeders, harrows, blades of silage combines, forage choppers, etc.), those parts
that have a blade (cutting working surface) it is established that most of these parts are made
of alloy steels (53C - casted steel, 60Mn, 65Mn, 70Mn, etc.). The cost of such steels is high and
therefore metal losses should be minimized both in operation and during repair of worn parts.

[tis possible to control the most important output parameters of the technological process by
setting the properties of the surface layer of parts, thereby improving the quality of the surface
layer of manufactured (restored) parts. Increasing the reliability of the technological process
can be ensured to a certain extent by introducing special types of processing that increase wear
resistance and fatigue resistance. For these purposes, technological processes that harden the
surface layer and give it special properties are used.

The application of hardening technologies contributes to the creation of a reliability margin of
the technological process of restoration, as higher performance properties of the restored parts
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of agricultural machinery are ensured. In this regard, the developments related to hardening by
vibration deformation method are of special interest.

In the works [3-22], on the basis of laboratory and field studies of working bodies of seeders
and other tillage machines, the degree of wear of protective surface layers of chisel openers,
hardened by different methods depending on metal properties, modes of operation, mechanical
properties of soil, etc., was revealed. At the same time the state of worn surfaces was not studied
for the presence of defects in them (presence of porosity and micro cracks of clad layers, their
delamination, unsatisfactory roughness, corrosion sites, etc.), the rational method of surface
hardening of seeder working bodies was not substantiated.

The aim of the research is to increase the wear resistance of anchor chisel openers of grain-
fertilizer-grass seeders by substantiating the rational method of their surface hardening.

The investigations were carried out within the framework of the project AP05134800
"Development of automated grain-fertilizer-grass seeder for differentiated direct sowing of
crops under cover crops and in turf with simultaneous application of mineral fertilizers".

Hardened samples, macrostructural studies were carried out on the basis of laboratories of
the department of "Technological machines and equipment” at S.Seifullin KATRU.

Methodology

For the research samples of chisel openers of grain-fertilizer-grass seeders were used [23,
24], which was made of the most used for fast-wearing working organs structural spring steel
65Mn, which in comparison with other steels allows to get less rough surface at hot processing,
less prone to decarburization. Steel 65Mn has increased strength, toughness and resistance to
wear, high resistance to small plastic deformations and relaxation resistance, has a fairly high
harden ability, relatively low cost [25].

Typical (factory) method of chisel heat treatment is realized by means of their volume
hardening (temperature in the range of 800 - 830°C) in oil hardening medium and tempering
(at temperature in the range of 300 - 350°C) in air.

Based on the results of information search and possibility of further realization of chisel
opener hardening technologies at production in agricultural enterprises of Kazakhstan the
following methods of wear resistance increase were adopted: electric arc surfacing with hard-
alloying electrodes T590 (Mn 1,0-1,5%, Si 2,0-2,5%, C 2,9-3,5%, P < 0,04, S < 0,035, Cr22,0- 27,0,
B 0,5-1,5) and CS-1 (Sormite Ne1) with diameter 5,0 mm; HFC-heating of chisels for hardening.

Heat treatment of commercially manufactured chisels was carried out in an electric furnace
chamber laboratory model SNOL 12/12-V, cladding on the working surfaces of experimental
chisel samples was carried out by inverter welding power source model Flextec 500P.

HFC-hardening of chisel opener samples was carried out at temperatures within 800 -
820°C (Figure 1) in hardening medium - in oil, surfacing process with electrodes T590 and
CS-1 (Sormite Ne1) was carried out on optimal modes (23): surfacing current I = 250 - 300 A
(constant reverse polarity), voltage U =50 - 70 V.
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Figure 1. Proposed mode of heat treatment of spring steel 65Mn
Macrostructural analysis

During the macrostructural analysis by ultrasonic flaw detector ultrasonic pulse reflected
from the defect and from the bottom is amplified and registered on the screen of the indicator.
The indicator in the flaw detector is an electron-beam tube, on the screen of which, with the help
of a special deployment device, there is a time diagram corresponding to the propagation of the
ultrasonic pulse in the metal. Horizontal lines on the screen represent the time axis. Sending an
ultrasonic pulse into the investigated metal is made periodically, the ultrasound propagates in
this metal at a constant speed:

S
== (1)
T
where & - velocity sound,
S - distance,
T - time.

A defect located inside the metal can be detected by the pulse burst registered on the screen,
where the distance between the initial pulse and the pulse reflected from the defect corresponds
to the defect depth
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a) Experimental opener-splitter b) Seeder before sowing
Figure 2. Experimental grain-fertilizer-grass seeder

Field tests of serially manufactured and hardened samples of anchor chisel openers (Figure 2)
were conducted in the spring sowing campaign of 2019 in soil and climatic conditions of Akmola
region of Kazakhstan on ordinary chernozemic soil (moisture 25 - 45 %, soil contamination
with stones with an average diameter of 50 mm was 0.6 - 1.5 pcs/m2) at seeding of sown vetch

(spring), creeping clover and alfalfa on a machine-tractor unit consisting of a wheeled tractor of
traction class 2 + grain-fertilizer-grass seeder [26].

SOTHNGS T

Z81SS

a) the process of measuring the working b) Ultrasonic flaw detector model A1212 MASTER
surface of the sample by the flaw detector

Sensor
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c) working principle of the device: 1 - electronic unit of the flaw detector;
2 - piezoelectric transducer; 3 - controlled object

Figure 3. Ultrasonic flaw detector for examination of worn surfaces of chisel openers

The condition of worn surface layers of chisel openers for the presence of defects (microcracks
in hardened surfaces, porosity, continuity and internal delamination of clad layers, corrosion
centers) was studied by ultrasonic flaw detector model A1212 MASTER. The device allowed to
implement standard and specialized methods of ultrasonic inspection, high productivity and
accuracy of measurements.

The presence of elastic properties in a medium ensures the appearance of elastic waves in it.
In a solid, displacements in a layer will cause stresses in neighboring layers. These stresses will
cause displacements in neighboring layers, resulting in transverse waves [27, p.25].

Mathematically, the motion of a body under the action of a force is described by Newton's
second law. When analyzing a continuous medium, all quantities are referred to the unit volume
and the force F is defined by the tensor stress o. -

In field theory, Helmholtz's theorem, which states that any continuous vector field # can
be represented as a sum of potential (linear) i, and vortex (tangential) y, fields.

—_— —

ﬁzu,+ut (2)

Acoustic emission appears at plastic deformation, at the emergence and at the formation of
cracks. Acoustic emission signals propagating to the sample surface (28, p.111).

When examining defects after field experiments on the ultrasonic flaw detector, we consider
the defect as a derivative of the area S, and obtain a ratio for the coefficient determining the
reflectivity of the defect

K=R-S, 3)

where Rx1 - wave reflection coefficient at the steel-air interface;
S, - defect area
Natural defects can have a wide variety of shape, size, orientation and acoustic properties.
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The amplitudes of echo-signals from defects differ little if the size of defects is larger than the
ultrasound wavelength [28, p.113-115].

Findings and Discussion
The values of physical characteristics for 65Mn steel (Table 1) were implemented in the
ultrasonic flaw detector to obtain the results of ADC diagrams. From the given data, the velocity

of 3250 m/s, gain of 40 dB, step gain of 1dB and chisel thickness of 11 mm were assumed.

Table 1.
Values of physical characteristics for steel 65Mn

Modulus of density p Poisson's ratio Sound velocity (m/s) Specific wave

elasticity E (kg/m?3) 10-3 o C C resistance
(mN/m?)-10? : ‘ (kg(m?2-s))-10-

12.8+20.15 7.8+7.9 0.28+0.35 5320+5850 | 2950+3250 40+45

ADC diagrams are usually constructed from a reference calibration of a known feature, such
as a bottom reflector or flat-bottom hole at a given depth. Using this calibration point, the entire
curve can be plotted, taking into account PET characteristics and material properties (Table 1).
Instead of displaying the entire series of curves, the instrument typically displays a single curve
based on the size of the selected reflector (detectable limit). In Figure 4, the upper curve (red)
represents the ADC plot for a 2 mm disk reflector at a depth of 50 to 100 mm. The lower curve
(vellow) is a reference curve plotted at amplitude (A) from 0.4 to 6.9 dB below. On the screen,
the red strobe indicates the reflection from the flat-bottom hole at a depth of 11 mm. Based
on the height and depth of the reflector in relation to the curve, the instrument calculated the
equivalent area (lower blue and green curves) of the worn surface.

The ADC-diagram shows (Fig.4, a) that when probing the area at coordinates X=1.8 mm the
signal is caught by the direct beam. This is evidenced by the "digit 0" after the multiplication
sign in the box with the thickness of the object. The amplitude of the signal is 5.7 dB below
the rejection level and the equivalent area is 3.0 mm2. The reflection is obtained at a depth of
7.8mm.

The same measurements were made with samples N22-9. The results of ultrasonic flaw
detector examination of worn surfaces of experimental samples of coulter chisels are given in
Table 2.

According to the data of frames from Figure 4 and Table 2, obtained as a result of ultrasonic
flaw detector it can be noted that among the experimental samples the highest value of the
equivalent area of defect (wear) were at the samples of commercially manufactured chisels
(Ne4, Ne5, Ne7, Ne8 u Ne9) with the same parameters according to the factory technology. And
the sample with hardened full working surface by surfacing with T590 electrode (Figure 4,b)
has the smallest equivalent wear area.
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Figure 4. Cadres from ADC diagrams of ultrasonic flaw detector of worn surfaces of grain-
fertilizer-grass seeder chisel openers

Table 2
Results of investigation of worn surfaces of 11mm thick chisel openers
Sample | Repetition of Material Coordinates of defect | Path, mm | Eq.area, | Average
number | experiment parameters mm? arithm.
X,mm | Z, mm | A, dB €q. area,
mm?
1 Steel 1.8 7.8 -5.7 18.5 3
1 65Mn+T590 3.25
(front and
2 back side) -3.3 5.5 -4.4 12.9 3.5
Steel 65Mn -3.5 5.4 -6.9 12.7 2.5
2 +T590 (full 2.85
working
2 part) -2.1 6 -5.1 14.2 3.2
1 Steel 65Mn | 17.6 6.8 -4.9 36 3.7
3 (HFC- 3.3
2 quenching) -3.5 5.4 -8.8 12.7 2.9
1 Steel 65Mn | 10.9 9.9 -6.6 28.6 3.8
4 (factory 4.0
2 technology) | 11.7 9.6 -3.6 29.4 4.2
1 Steel 65Mn 0.2 7.1 -5.6 16.8 3.8
5 (factory 3.85
2 technology) | -2.9 5.6 -3.8 13.3 3.9
1 Steel 65Mn -3.5 5.4 -4.2 12.7 3.6
6 +CS-1 3.55
2 (sormite Ne1) | -3.5 5.4 -4.5 12.7 35
1 Steel 65Mn 1.2 7.6 -2.5 17.9 4.8
7 (factory 4.8
2 technology) 3.1 8.4 -0.8 17.9 4.8
1 Steel 65Mn 5.5 9.6 -2.2 22.6 5.1
8 (factory 4.6
2 technology) | -1.3 6.4 -3.5 151 4.1
1 Steel 65Mn -1.7 6.2 | -11.1 14.7 3.5
9 (factory 4.1
2 technology) | -13.6 | 0.6 -0.4 1.5 6.7
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In addition, at sample 1, hardened only by the front and back side of the surfacing electrode
of T590 brand (Figure 4, a) and the sample with the working surface hardened by the surfacing
electrode of CS-1 brand (Sormite N21) the equivalent area of wear were smaller in comparison
with the samples with the working surface hardened by HFC hardening and mass-produced
according to the factory technology.

In Figure 5, on the front surface of the chisels, samples d, e, and i are left with small dents and
chips in the form of grooves and holes when exposed to hard particles, and cutting marks and
rounded chamfer from mineral substances with sharp edges in samples ¢, f, g, h. Samples a and
b are less susceptible to abrasive wear.

As a result, it can be noted from Table 2 and Figures 4 and 5 that the data of sample N22 is
abrasion resistant due to hardening of the full working surface by surfacing with T590 grade
electrode.

a) sample with hardened b) sample with hardened c) sample with hardened
working surface by cladding working surface by cladding working surface by HFC
with T590 electrode (front and with T590 electrode (full hardening
back sides) working part)

d) sample with thermally e) sample with thermally f) sample with hardened
treated working surface treated working surface working surface by cladding
according to factory according to factory with CS-1 electrode
technology technology (sormite No.1)
JLH. 'ymusnee amvindarsl Eypasus yaimmoik yHusepcumeminiy XABAPIBICHI. N21(146)/ 2024 123

TexHUKAJIbIK FbLALIMOAP HCIHE MEXHOA02USLAAP CePUSICHI
ISSN: 2616-7263. eISSN: 2663-1261



D.Sh. Kossatbekova, S.0. Nukeshev, N.N. Romanyuk

g) sample with thermally h) sample with thermally i) sample with thermally
treated working surface treated working surface treated working surface
according to factory according to factory according to factory
technology technology technology

Figure 5. Photos of worn surfaces of grain-fertilizer-grass seeder chisel opener hardened by
different methods

Conclusion

Analyzing the photos of worn surfaces of chisel opener, data from Tables 1-2, Figures 1 and
2, and information on the method of hardening and materials used, the following conclusions
can be drawn:

1. The condition of worn surface layers of chisel opener for defects in them can be studied
using an ultrasonic flaw detector.

2. According to the results of ADC-diagrams obtained by ultrasonic flaw detector it is
established that the equivalent wear area of hardened samples is less in comparison with
serially manufactured (factory technology) samples.

3 Among the hardened samples, the sample hardened with the full working surface with
T590 electrode cladding has the smallest equivalent wear area, and also according to the results
of field experiments, this sample had the highest resistance to abrasive impact.

4 According to the results of field experiments, the samples serially manufactured by the
factory technology, hardened with Sormite and HFC quenching on the front surface of the
chisel had small indentations and chips in the form of grooves and holes when exposed to hard
particles, as well as cutting marks and rounded chamfer from minerals with sharp edges.

5. As the most rational method of chisel hardening for the conditions of production and
agricultural enterprises it is possible to recommend replacement of typical factory heat
treatment by surfacing of the full working part of working bodies of seeder opener with T590
electrodes.
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J.III. Kocat6ekoBa*!, C.0.Hykemen?, H.H.PomaHok3
L2Kazaxckuli azpomexHu1eckull uccaedosamenvckull yHugsepcumem umeHu C.Celighyanuna,
AcmaHa, KazaxcmaH
*benopycckutl 2ocydapcmeeHHblll azpapHblll mexHuyveckull yHusepcumem, Munck, beaapyco

MaKpoCTPYKTYpHBIA aHA/IU3 YIIPOYHEHHOTO J0/10TA C IOMOIIbI0 HAIJIABKU HA OCHOBE
KpeMHHA-MapraHen-xpoma

AHHOTauusA. AKTyaJIbHOCTb MCCJIEJJOBAaHUsS OOYCJOBJEHA TeM, YTO HM3HOC pPaboyux OPraHoB
NOCEBHBIX MalIWH NPUBOAUT K YBEJUWYEHHUIO pacxXo/la TOIIMBA, YXYAIIEHUIO KadyecTBa 3a/le/IKU
ceMsiH Y, KaK CJeiCTBUE, CHXKEHUIO YPOXKAaHHOCTH. B CBSI3M ¢ 3TUM, JaHHAas CTaTbs HallpaBJieHa Ha
HccieIOBAaHUE COCTOSIHUSA YIIPOYHEHHBIX Pa60UYMX OPraHOB 3KCIIEpUMEHTAbHOM 3epHOTYKOTPaBSIHOM
cesakd. Ha ocHoBaHMHU pe3y/IbTaTOB MHPOPMALMOHHOI'O MOMCKA MPUHHUMAJIUCh CJAEeAYIOIIUE METOMbI
YIPOYHEHHUS: 3JIEKTPOAYroBas HalJIaBKa TBEPAOCIUIaBHBIMU 3JIEKTPOJAMH U copMalToM; HarpeB TBY
JOJIOT 1MoJ 3aKaskKy. Jlyis mpoBeieHUs1 UCC/e[J0BAHMN UCI0Jb30Ba/IMCh 06pasIibl SKCIIepUMeHTalbHbIX
JIOJIOT COITHUKOB 3€PHOTYKOTPABIHOMN CESJIKY, U3TOTOBJIEHHBIE M3 cTasn 651 CocTosiHME U3HOLIEHHBIX
NOBEPXHOCTHBIX CJIOEB JIOJIOT COIIHMKOB U3y4aoCh YJIbTPa3BYKOBbIM AedekTockonoM. MccienoBanus
MI03BOJIMJIM YCTAHOBUTD, YTO CPeJIM YIPOUYHEHHBIX 06PA310B HAUMEHBIIYI0 3KBUBAJIEHTHYIO IJIOLIA/Ib
M3HOCa MMeeT obpasel], YIPOYHEHHBbIH MOJHOMW pabouyeil MOBEPXHOCTU C HAIJIaBKOM 3J€KTPOAAMU
Mapku T590, a TakKe 10 pe3y/IbTaTaM I0JIeBbIX IKCIIEPUMEHTOB Y JAHHOTO 06pa3iia 6blj1a HauboJIbIas
CTOMKOCTb K abpa3svuBHOMY B03JeicTBUI0. Ha OCHOBaHMM 3THUX pe3y/IbTAaTOB B KauyecTBe HauboJjiee
palMoOHaJIbHOIO MeTOo/la YIPOYHEHHUS JI0JIOT [Jis YCJOBHUM MPOU3BOJACTBA B CEJIbCKOXO3MCTBEHHBIX
NpeANpUSATHUSIX PEKOMEH/IyeTcsl 3aMeHa TUIOBOM 3aBOACKOM TepMO0o6pabOTKM Ha yHNPOYHEHHYIO
MIOJIHOM paboyel YacTH.

KioueBble cJ/10Ba: MaKpOCTPYKTYPHbIM aHalIu3, HU3HOC, YNPOYHEHHas CTajlb, TepMHYecKas
obpaboTka, AP/ auarpamMma, 4,0/10TO COUTHUKA, 3€pPHOTYKOTPaBsIHasH CesiIKa.

J.II. Kocar6ekoBa*!, C.0. Hykemer?, H.H. PomaHwK?
L2C.Celigpynnuq amoiHdarsbl Kazak azpomexHukaablk 3epmmey yHugepcumemi, Acmata, Kazakcman
3Benopycb Memaekemmik azpapivlK mexHUKaA/AbiK yHUgepcumem, MuHck, beaapyco

KpeMmHMii-MapraHen-Xxpom Heri3iHAeri 6a/IKbITYMEH HbIFANThUIFAaH KallayFa
MaKpOKYPbUIBIM/JBIK, TAJ1AAY

AHaaTtna. 3epTTeyAiH ©3eKTiJiri eric MallMHaJapbIHbIH KYMbIC OpraHJapblHbIH, TO3ybl OTbIH
HIBIFBIHBIHBIH, APTYbIHA, TYKbIM Ceby calachIHbIH, HalllapJiayblHa K9He HATHXKecCiHJe eHIMJIMIKTIH
TeMeH/JleyiHe oKeJleTiHAiriHe OakaHbICThl. OChbIFaH OaW/AHBICTBI, OYJ MaKaja TaXKipubesik
aCTbIK-ThIHAWTKbIII-LIEMN CEeNKIIITIH KAaTaWTbLIFAH >XYMbIC OpraHJAAapbIHbIH KaFJalblH 3epTTeyre
OGaFbITTa/IFaH. AKNapaTThIK i3/ley HOTH)KeJsepiHiH, HerisiHAe KaTaWTyAblH MblHajak aaicTepi
KaObLIIaH/ABI: KAaTThl KOPBITNAJbl 3JIEKTPOATAPMEH KoHE COPMAMWTIIEH 3JIEKTP AOFA/IbIK OAJIKBITY;
mbIHBIKTBIPY YiiH XKXKT Kainayabl HIBIHBIKTBIPY. 3epTTey »Kypridy yuid 650 6osaTTaH »acajfaH
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aCTbIK-ThIHAWTKBIII-LIEIN CEeNKIIITiH 3KCIepPUMEHTTIK KallayJapblHbIH YJTiiepi naijasaHblIjbl.
3epTTey/ep KaTaluThIJIFaH YATIEPAiH illiH/€e TO3YAbIH eH a3 9KBUBaJIeHTTI aygaHbiHAa T590 MapKaJibl
3JIEKTPOATApMEH OaJIKbITBIIFAH TOJIBIK KYMbIC OeTiMeH KaTaWTbLIFaH YJri 6ap eKeHiH, coHAaM-
aK, JaslaJblK dKCIepUMeHTTEPAiH HaTHXesepi 60MbIHIIA 6yJ YATiHiH abpa3suBTi acepre Te3iMAiiri
YKOFaphl eKeHiH aHbIKTayFa MyMKiH/iK 6epai. Ocbl HoTHXKeJiepre CylieHe OThIPHIII, ayblIIapyallblIbIK,
KacinopbIHapblHAAaFbl 6HAIPIC XKaFJalaphbl YIIiH KallayAbl KATAaUTYAbIH €H YThIMAbI d/ici peTiHze
TUNTIK 3aybITThIK TEPMUSJBIK 6HJAEYAI TOJBIK XYMbIC 06JiriHiy 6eTi KaTaWTblIFaHFa aybICTbIPY
YCBIHBLIA/Ibl.

Ty#iH ce3gep: MakpOKYpPbUIbIM/BIK Talay, TO3Y, KATaUThLJIFaH 60J1aT, TeEPpMUSAIBIK eHJey, AA/]
JuarpaMmachl, CiHipyIliHiH Kallaybl, aCTbIK-ThIHAWTKbILI-II6T CENKIillli.
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KputepuaibHoe ypaBHEHHE NPU ONTUMMU3ALUM PEKUMOB PaGOThI
duvnsTpyomen neHTpudpyru

M.K. lllagxmeToBa'*"“, A.JI. KaceHoB?"“, A.K. lllaaxmeToBa'"”, B.A. J/lo6aceHKo?

'HAO «YHusepcumem umenu lllakapuma 2opoda Cemeti», Cemetl, Kazaxcmau
2HAO «Ka3zaxckutl azpomexHueckuil yHugepcumem umenu C. Cetiggyanuna», AcmaHna, Kazaxcman
*Kemeposckuil 2ocydapcmeenHblll yHusepcumem, Kemeposo Poccus

(E-mail: 'madina07sh@mail.ru )

AnHoTanms. B Pecniy6sinke KasaxcTaH oAHUM M3 IPUOPUTETHBIX HAllPpaBJAEHUHN pa3BUTHSA
CpeJlHUX U MaJIblX NpeANPUATHH ABJISeTCA BHeJpeHUe TeXHOJI0Ti 6e30TX0AHON nepepaboT-
KU Cblpbs. K 4nc/1y TakMX NPOU3BO/CTB CJeyeT OTHECTH CpeJHUe U Majible Maconepepaba-
ThIBAKOLMe NpeANpHUsTHs. B coBepiIeHCTBOBaHMU 6€30TX0HON TEXHOJIOTUU MACONIPOAYKTOB
NPOU3BO/CTBO CYXUX KOPMOB BeCcbMa BOCTPe60OBaHO MO NpHUYMHe 60JIbLION NMUIEeBON LeHHO-
CTH NOC/IeHUX, KOTOPbIe 3a4acTyl0 NPeBOCXOAAT Jpyrve KOpMOBble NPOLYKThI. B mpousBo-
CTBE CyXHUX KOPMOB [IJISl )KUBOTHBIX MPOIECC [[eHTPUYTUPOBAHUS HCIOIb3YyeTCs AJs1 OTAe-
JIEHHA KHpa OT WKBapbl. [IpuMeHeHMe npolecca LeHTpUYTrupoBaHUSA B BblJeJEHUHU KUpa
Y3 LIKBapbl IPUBOAUT K TOMY, YTO KaueCTBO Bbl/eJIIeMOT0 K1pa 3HAYMTEbHO BhbIIlIEe, YeM B
npolieccax NpeccoBaHUs U IKCTPAKLUH.

C yyeToM noTpe6HOCTell pa3BUTHs MscollepepabaThIBaOLIETO NMPOU3BOACTBA 60JIbILIOE
3HaYeHHe UMeeT COBepIlIeHCTBOBaHHMe Npollecca pasfe/ieHUs >XKUAKUX HeOJHOPOJHbIX CUCTEM
Ha L[eHTPOo6eXHOM 000py/J0BaHUH, peJycMaTpUBaloIlee CHMXKEHHE Y eJbHBIX 3HEpro3aTparT
060pyZi0BaHUsI U COGCTBEHHbIE BO3MOXXHOCTH YBeJUYeHUs 00beMOB NPOU3BOACTBA POAYK-
LIMU. B cBeTe BbIIIeN3/10)KEHHOT0 Obl1a cGOPMYJIMpPOBaHa LieJib HAyYHOT0 UCCIeJ0BaHusA: CO-
BePILEHCTBOBaHKE KOHCTPYKTUBHbBIX XapaKTEPUCTHK U PEXKUMOB paboThl GUIBTPYIOLIEHN LieH-
Tpudyru A1 NoJy4yeHHUs LIKBapbl KaK 1ieJIeBOr0 KOHeYHOro NpoAyKTa. B kauecTBe 0CHOBHBIX
HalnpaBJIeHUH HcCae0BaHUs BbIOpaHbl pa3IMyHble BAPUAHTbI KOHCTPYKTUBHON KOMIO3UIIUHU
OTBITHOM YCTAaHOBKY, UCIIbITaHHE U GU3MKO-MaTeMaTUYeCKUN aHa/IN3 JaHHbIX, HA OCHOBAaHUH
KOTOPBIX MOJIYYU/IU Haubosiee ONTUMAJIbHble PEXUMBI PabOThl LIEeHTPOGEKHON YCTAaHOBKH C
TEXHUKO0-3KOHOMHWYECKHUX NO3ULUH.

B kauecTBe uel Hay4YHOro UCCAE0BAaHUS MoIaraiu GU3NKo-MaTeMaTHIECKY 06paboT-
Ky JAHHBIX 9KCIIePUMEHTA, Ha OCHOBaHU KOTOPbIX IOCTPOUJIM MaTeMaTH4eckue U GU3ndyecKre
Mozenu. [locneHYe MCTIO/Ib30BaJIM /151 pellleHUs] T0CTaBJeHHbIX IPAaKTHUYeCKUX 3a/iad Hay4-
HOT'0 MCCJIe/I0BaHUS.

KiroueBnle cj10Ba: nponecc, TEXHOJOIUsl, TEXHUKO-IKOHOMHWYeCKasi ONNTUMU3aLus, [|eH-
Tpudyra, Mojiesb, NIPOU3BOJCTBO, KpUTepHUaJIbHblE ypaBHEHHS.
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KpumepuasbHoe ypagHeHue npu onmumuzayuu pexcumos pabomol pussmpyroweli yenmpugyau

BBeaeHue

AKTya/lbHOCTb BBIOPAHHOW TeMbl MO COBEPIIEHCTBOBAHMIO KOHCTPYKIUM U PEXHMOB
paboTtbl  ¢uAbTpylOUlel LeHTpUdyru oOyclOBJIeHA HeOOXOAUMMOCTbIO  BHeApPEHUS
TEXHOJIOTUU 6e30TX0/JHOM MepepaboTKU MSCHOTO ChIpbsi C I[eJIbl0 MPOU3BOJCTBA CYyXHUX
KOPMOB, 00J1aJlalOIMX BbICOKOW NHUIIEBOM IEHHOCTbI. BakHeHIIMM 3BEHOM B JaHHOH
nepepaboTKe SBJISIETCS TEXHOJIOTMYeCKoe 000pyJ0BaHUE AJis pasfesieHUss HeoJHOPOAHbIX
KUJKHUX CUCTEM, NIpeJiCTaBJIeHHOE B JJAHHOU paboTe QuabTpyollend neHTpudyrou. Bnosne
NOHSITHO, YTO BaXKHEHUIMMHU TPeOOBAHUSAMHU K IKCIJIyaTallMd JJAHHOTO 060pyfoBaHHUs (B
HallleM C/y4yae LeHTPUPYTU) SABJASAITCH COBEPIIEHCTBOBAHME KOHCTPYKIIMU U ONTUMHU3ALUSA
PEXXUMOB paboOThl LIEeHTPUDYTH, YTO HEOOXOAMMO [Jis MOBBILIEHHUS MPOU3BOAUTEJIBHOCTU U
CHUXKEHUU yJleJIbHbIX 3Hepro3aTpar. [locsieHee 0cOOEHHO aKTyaJbHO B CBETe BHEJpEHUS B
006111eMHUPOBOM MacliTabe pecypcocoeperariiydx TEXHOJOTUN U NTepexo/ia K TaK Ha3bIBAeMOMU
"3e/16HON" 3KOHOMHUKe [1].

Pa6oTa ocHOBaHa Ha ONbITe OTEYECTBEHHBIX U 3aPYOEKHBIX YUEHBIX

BoJsibliol BkJIaJ B pa3pabOTKy TeOPUU U COBEPLIEHCTBOBAHME KOHCTPYKLUK MULIEBBIX
HEeHTPUPYT TEeXHUKO-IKOHOMUYECKOW ONTHMH3alUer paboThl MOCAEJHUX BHECIU
oTeduecTBeHHble y4yéHble: ['M. 3namenckuii, B.U. Cokonos, E.B Tomb6aeB, C.M. I'pebeHIOK,
AMW.Ilenees, C. I. Jlu6epman, B.I' )Kykos, Acuep B.U., bpemep I'U., l'enbnepun; B. A. Maciukos,
HU.A. Poros, A. B. l'op6aTtos, A.H. MauuxuHn, M. b. Azapos, YU.Yomanos, /I.T. XKaisnay6aes, C.H.
Tymenos, Ocnanos, E. C Cnanausapos, A. b OcnanoB, C.B. ®enotos, A. E. Epenranues., A. K.
Kakumos., A. JI. Kacenosa.

CienyeT OTMETUTH aBTOPOB KOHCTPYKIUH MOPHU30HTANbHbBIX IIIHEKOBBIX LEHTPUDYT AJisi
paspaenenusixkupa: JlumonoB'E., [lexanoB B.A. (1unus 18-®0Bb-M); duabTpyrouux ueHTpudyr
JUISl W3BJIeYEeHHS >XUpa U3 H3MesbuéHHOW kocTu: M.Jl.danpumeBckui, C.I' JlubepmaHh,
K.l Cununpiy, B.II IMetpoBckuit (PM/-802K-05 B auHun A8-PJIK); M.Jl.PaliBullIeBCKUH,
H.I.LKy3abMeHKO (MHTerpasibHasi 06paboTKa MSKOTHOIO ChbIpbsl Ha yCOBEpLIEHCTBOBAaHHOU
MauirHe A8-OUB).

K 4ucny 3apybexHbix y4éHbIX ciaeayeT oTHecTu /Jl.Paccena; /| Munnepa; M.KactenbsiHo;
[I.Ilepeca; Y. Jlogoca, I'perica /., lbepu U., Henurepa E., Ctoppoy H.

MeToa0/10TUA

BoipaboTaHa 6JIOK-cxeMa IMpOBeJleHHUs JKCIIEpHMEHTa, B KOTOpPOM  IOKa3aHa
10C/e0BaTEJbHOCTb BCEX OTJeJbHBbIX omepauuid U nponeccoB. OTobOpaxkeHa cxeMa
3KCIEePUMEHTAIbHOU LIeHTPOOEKHOM YCTAaHOBKU. PacCMOTpeHbI TEXHOJIOTHMYECKHEe ONlepalvH,
cbopMHUpOBaHbl BECOBble MAPTHUU Cbipbs. BbIOpaHbl BpeMeHHble MNPOMEXYTKU OIBITOB,
CKOPOCTHBIE PeXUMbI poTopa IeHTpudyru. [lokazaHbl HEOO6X0AUMble 3aMepbl TapaMeTpPOB
Y peXxuMoB. /laHHbIe 3aMepOB U Jla/IbHEHIINX BbIYMCIAEHUHN 10 KaXK/I0MY OIbITY MOMEIEHbI
B UHTErpaJibHy0 Tab/uly (6a3y JaHHBIX IKCiepuMeHTa). Ha ocHOBaHUU JJaHHOW TaGJIUIbI
B JlaJIbHEUIIMX Pa3/ie/IOB BBIMOJHUIN TpebyeMble pacyéThbl MOJYUYUJIU MaTeMaTUYeCKUe U
dbusuveckrue Mojesu.
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B KayecTBe UCXOHOTO CbIpbsl UCI0JIb30Ba/IM OTXOZbl MPOU3BOACTBA NEPEPabOTKY CBUHUHBI
B BH/JIe arjioMepaTa CBUHOTO XUpa, WIKBapbl, BOAHOU cycneH3uH. Jljis MHTeHCUPUKaLUU
npouecca LeHTpUuPpyrupoBaHUs CBUHOE CbIpbé pa3orpeBasiv 0 TeMIIepaTypPHOro JrUana3oHa
75-80C. CbIppé apobUIM HA OTAe/IbHBIE MApTHUM N0 Becy, B cpegHeM, oT 400 o 1000 r mo
12 HaBecok. B cBo1o odepesb chopMUPOBa/IM 4 Takve NapTUU B COOTBETCTBUM C BbIOPAaHHOM
TpaeKTOpUeU 3KcrepuMeHTa. Bce 4 mapTuu npesHa3HavyalUCh AJiS 4-X YaCTOTHBIX PEXKUMOB
o6opoToBpoTopaueHTpudyru: 1000,1500,2000,2500 MuH-1.[IpuMeHUIN 3JIEKTPOBUTATE b
LEeHTPUPYTU C pPeryJMpoBKOM 4YacTOThl BpallleHUsI poTopa. KaAbll 4acTOTHBIA pexUM
BKJIIOYaJl B ce6s 3 BpeMeHHbIX LIUKJa LeHTpudyruposanus: 5, 7, 10, 15 MuH (c noBTopoMm 3
pasa). [Ipu aTom 3arpyska no macce (Becy) cocraJisijzia oT 410 o 1000 1.

[lo OkOHYaHMM KaXJOro OINbITa MOoJydeHHas ¢a3a IIKBapbl B3BellMBajacb. Bce
pe3yabTaThl (GIU* ') CBOAUIKCD B XKypHaJs Hab 1IoAeHUNU. TakuM 06pa3oM, KaXK/1bli YaCTOTHbBIN
pexuM coctosas U3 12-Tu onbITOB. Bce 4 4acTOTHBIX pexrMa B CyMMe COCTaBUId 48
onbITOB. PaccuuTanu npousBOAWTENBHOCTb LeHTPUQPYTU MO BBIXOAY IIKBapbl G r/MUH,
IPOU3BOAUTENBHOCTD LeHTPUYTH M0 3arpykaeMoMy cbipbio Gc,r/c. PaccuruTanu noTpe6Hyo
MOLIHOCTb 3JIeKTpoABUraTe s neHTpudyru B kBT, NagB-103, a Takke 3HaueHUs Harpy3KH
MOIIJHOCTH 3JIEKTPOABUTIATEJIA 3a IepUuoj, Kaxxkaoro onbiTa N3aB-6:-104 kBt-4. Bce 3HaueHus
3aMepoB B OMNbITaX U MOJIyYeHHble PACCYETHBIM NYyTEM BHecau B Tabsuuyl. OnbITHblE U
pacyéTHBbIe JaHHble 3KCIIEpUMEHTa.

YurcioBble 3HAaYeHHUS ONBITOB MaTeMaTU4ecKHd obpaboTanu. [lonyuynin maTeMaTUudeckue
MO/JieJIM 3KCIIEpUMEeHTa C NPOBEPKOM aJleKBaTHOCTH BbIYMCJIEHHWH. B pesysbraTe mposesu
ONTUMMU3ALMI0 paboThl ILeHTPUPYrM Ha OCHOBE MaTeMaTU4YeCKOro MOJeJMpOBaHUS.
[IpakTHU4yecKHre NCIbITaHUA IOATBEPAUIN IPABUJIBHOCTD, 3leKBAaTHOCTD II0JIy4YeHHOM MOZeJIU
(pasgen «MaTeMaTHuyecKass MOJEJb»).

[I[pakTHyeckue pe3yJbTaTbl 3KCIEpUMEHTa MNpeJCTaBUJIA B BHJe TrpadrUyecKUx
3aBucuMocTeit (pasgen «Pusnyeckass Mojiesib»). AHAJIU3UPYs MOJIydeHHble IPadUKH, ObLIU
cZieJlaHbl BBIBO/Ibl M IIOJIyYEHbI a/irebpaniyecKre BbIpaXkeHUs OJIYyYeHHbIX QYHKIIUM.

[Ipogomxkas pusmyeckoe MoAeJIUPOBAHME, UCNIONb3Ys TEOPEMBbI OA00HS, MOJAYUUINA PAL
KpPUTEepUaAJIbHBIX YPAaBHEHUH, ONTMCHIBAKOIIUX JHEPreTUIeCKUe U MaTepuaJibHble 3aBUCUMOCTHU
NpU LeHTpUPyrupoBaHuH. [losiydeHHble KpUTepUaIbHble YPaBHEHHUS 03BOJISIIOT JOCTATOYHO
IPOCTO PACCYUTATh ONTHMAJIbHbIe 3HAYEHUS NPOU3BOAUTEIbHOCTH YCTAHOBKHA U 3aTPaThI
MOLIHOCTH MPU Pa3JIMYHbIX peXUMax dKCIIyaTayuu [2,3].

Ha ocHOBaHMM ONBITHBIX MU pACYETHBIX 3HAaY€HUW 3KCIEepUMeHTa OblIM C/eJIaHbl
000CHOBaHHbIE BBIBOJAbI IO ONTHMaJbHbIM 3HAUYEHUSM 4YacTOTbl OOOPOTOB poOTOpa H
MaKCHMaJIbHbIX BbIX0Z|aX LIIKBApbl B MPOLEHTOM COOTHOLIEHWH U MO NMPOU3BOAUTETbHOCTH.
BoisicHeHbl ONTHMaJibHble TEXHUKO-9KOHOMUYECKHUE PEKUMbI PabOThI 3KCIIEPUMEHTalbHOU
bunpTpyrouei LeHTpUuPyru.

B xozie npoBesieHMsl 3KCIIEpUMEHTA BbISICHUWIH C/IeAyIole HeJOCTaTKH SKCIIEPUMEHTaIbHOU
LeHTpUPYTU: HU3KYI NPOMU3BOAUTEJNbHOCTb; KOPOTKMW BaJl LIHEKA MNUTAaTeJsl; TOJICTble
CTeHKU QUIbTpYyIOILero 6apabaHa; HU3KUM NPOLLEHT OTAEeJIEHUS )KUPa OT IIKBapPHI.

C nesbpl0 COBEpPLIEHCTBOBAHUA KOHCTPYKLHWHM YCTAaHOBKM IPOM3BeJH CJeAyHoliue
M3MeHEeHHUS:
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1. YIIMHWIM 1HEKOBOe pa3rpy304HOe YCTPOMCTBO, YTOObI IIHEK J0CTaBaJj AHO QUJIbT-
pyrolero 6apa6aHa AJisi IOJIHON BbITPY3KH.

2. Pa3rpy3o4yHoe ycTpOUCTBO CHa6 UM MOJBUKHbBIM CKPEOKOM, COBMELLEHHBIM C pblYaroMm,
MI03BOJISIIOLEM CMEUIATh CKPe6OK U MepUOJUUECKH CHUMATh TBepAyo $pa3y ¢ NOBEPXHOCTH
¢unbTpylolero 6apabaHa, HampapJssg TBepAyk ¢asy B pasrpy3odHoe ycTpoicTBo. [Ipu
3TOM reoMeTpUYecKasi OCb CKpeOKa COBIaIaeT C HalpaBJeHUeM Pe3ybTUPYIOLUX ABYX CHJI:
CUJIbl LIeHTpUPYTrUpOBaHHUS, HANPaBJEHHON MepHeHAUKYJSPHO NMOBEPXHOCTU GapabaHa, U
MOCTyNaTeJbHOW CUJIbI BpallleHUs1 6apabaHa.

C uesb0 yBeJMYeHHUs MPOLLEHTA BbIXOJA IIKBAapbl MPU LEHTPUPYTHUPOBAHUU B XOJe
3KCIEePUMEHTA, YBEeJIMYMBasi YaCTOTY BpallleHUsl poTOopa, ONpeAes U ONTHMAIbHOE YHUCJI0
060pOTOB POTOPA, MPU KOTOPOM ObLI 06ecriedeH MaKCUMMaJlbHbIM BbIXOJ, UCKOMOT0 »upa [13].

¥— Gups G, N T lszapa 1 - IIIT" — mmsex ropH:CHETANEHEEIR

2- P -pearprdyra ¢RIsTpYIOmIAT

3- 1118 — mreex EepTHEATLEEIR

B
Pyrar
Crapeé
210 & Cupsé
i — _
X—G:oyn

PucyHok 1. Biok-cxema 3KcepuMeHTaJl1bHON YCTaHOBKH

Ta6smmna 1
IlapaMeTphI 6J10K-CXEMBI
Ynpassdwiue napaMmeTpsl X: YnpaBsisiemMmble napaMeTpshl Y:
1. Macca 3arpy»aemoro coipbs. G, T 1. MaccoBbId BbIXOJ WIKBapbl G, T.
2. Bpems 06paboTKH ChIPbA. T, MUH 2. [Ipon3BoAMTEIbHOCTD 11O IKBape G , I/MHH
3. YacroTa BpalleHHus1 poTopa leHTPUYTH n, 6/MUH. 3.IloTpe6bHass MOIMHOCTH, N, KBT.
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2. YactHbii Buj ¢usnyueckol mozenu. IlpeactaBusn B BuAe AUPpdepeHLHaTbHOTO
ypaBHEHHUsI, TIO3BOJISIOLIEr0 BBIMOJHUTh MaTepPUATbHBIA PAcyéT MepUOJUYECcKOro, a TaKxke
HENpPEePBbIBHOTO MPOLECCOB (PUIBTPOBAHUS MPHU M3BECTHBIX 3HAYEHUSIX U3OBITOYHOIO
JlaBJIeHUS U TaOJIMYHBIX UJIK PACUETHBIX 3HAYEHUM COMPOTUBJIEHUS 0Ca/IKa U QUIbTPYOILEN

EPErOPOAKH.
dv Ap

F-dr ul(R +R,,) m

rae dV - sjeMeHTapHbId 00béM (M3) HEOJHOPOAHOHW >KUJKOW CHUCTEMbI (CyCHEH3HH),
npouleAIni yepe3 GUAbTP, Uepe3 MOBEPXHOCTb ¢uabTpa F 3a asieMeHTapHOe Bpems dt;

dV/dt - 06'bEMHBIH pacxo] cycrieH3uu, M3/c;

Ap - U36bITOYHOE JIaBJIeHHE, BbI3BAaHHOE I[eHTPOOEXHOM cuJiol, [1a;

RoC - CONMPOTHUBJIEHHE €105 ocazka, 1/m?;

R, - conpoTrusienne GUALTpPyIOLIEN NEeperopoaky, 1/m?;

o.
U — AMHAMU4YeCKUH KO3PPUIIMEeHT BA3KOCTH cycrieH3uH, [la-c.

BesinuuHa neHtpob6exHol cuibl (LIBC), nelcTByroLiel Ha YaCTULbI )KUJKOCTHU U 0CaJKa,
HeINpepbIBHO U3MEHSETCS BO BpeMEHM B IyCKOBOM NMEPUOJ, U 3aTe€M CTAHOBUTCS MOCTOSIHHOM
Jl0 TepuojJia KPUTHYECKOW TOJIIMHbI ca0s ocaaka [3,4]. /luHaMUYecKoe CONMPOTHUBJIEHUE
npoueca GUIbBTPOBaHUA CyLIECTBEHHO Bo3pacTaeT R . 3aTeM IieHTpoGeHOe [aBJieHHe
YBEJIMYMBAIOT /10 HEKOTOPOTO paboyero 3HauyeHus [5]. ObecneyrnBaeTcss 10CTOSIHHASA CKOPOCTh
bunbTpoBaHHAa. Bo3aMoeH Takke pPeXUM MOCTOSSHHOTO HM36bITOYHOTO JaBJjeHus. B 3Tom
cay4dae CKOpocTb QUIBTPOBAaHHS MOCTENEHHO CHUXKAETCS [0 HEKOTOPOro KPUTHUYECKOro
3HaYeHUsl.
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Mexarmam B IEHEYIINS CREIR
OpOmeccos
CHALI NPOUECcCos

*

Crpyerypras cxeMa
YCTAHOBEE

!

OrrEMansHEE MapaMeTEl
IMEMERTOE VCTAHOBEH

|

- OmeiTeERe gasHRE IO "
PE3VIETATAM 3ECTIEPEMEHRTA
Maremaruseckas obpatorea
D33kl JAHHEEDL © TPOEEpE0H
AMSXEATHOCTH
MaremaTageckos PrapecEoe
MOJeTHPOEIHHS MO T THPOEIHHE
¥V paEseHRS peTpectHE. EKpeTepuamaie
Iosepx=ocTs ypoRHS YPABHEHHT IPOIECcoR
MaremaTEaeckan Pemenns spHTepHANLELD
ONTHMHIAIMHEL PEEHMOE VPAEHEHHH H ONpeJeTeHHe
—— DEETPREVTHPOBIHHSE H HCEOMEDX NapaMeTpoR =
NpPOESPEA ATEXEATHOCTHE OeETPEGYTEPOEAHNA,
OIEITHEX T3HHEDC NpOBEPEA ATEKBATHEOCTH
ONEITHEDS TAHEEDL

PPICYHOK 2. Bsiok-cxema IKCIEpUMEHTa U (l)l/IBI/IKO-MaTeMaTPI‘JECKOFO

MOAEe/INPOBAHUA
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3. Puszuueckue modeau yeumpugyaupoeaHus

JuddepeHnpaibHoe ypaBHeHHe 6ajlaHca JJaBJeHUH Ha 6eCKOHEYHO TOHKHUM CJI0M MPUMET
BU/I;:

—dp——dp, —dp, —dp, )

rae dp - noJsiHbIM nepenaf AaBJjieHus (PUABTPYOIIMN HANoOp);

- dp, - TpaAMeHT AaB/ieHHsl B )KUAKOCTH, JBUXKYILIEHCs Yepe3 0CafloK B LIEHTPOGEKHOM
noJie;

-d - rpasueHT JaB/IeHus B KU/KOCTH, MOABJIAIOIINHACS B pe3y/IbTaTe H3MEHEHNs KHHETH-

yeckou JHEPruH IMOTOKa,
- dep. - IpagvueHT AaBJIEHHA, BanaqHBaeMbIﬁ Ha rpeojoJieHre CHUJI TpeHHA.

JuddepeHnpaibHoe ypaBHeHHMe MaTepuajJbHOro 6OajiaHca 1o TBEpAol ¢dase B 3ie-
MEHTapHOM CJIO€ 0Ca/iKa C MOBEPXHOCThIO F = 21-r-h:

C-dV=2z-r-h-p,, -[1-¢ldr 3

rae C - KoHLleHTpalus TBEP0H dpa3bl B UCXOAHOU CyClieH3uH, Kr/ M3 dubTpaTa;
dV - yBesinueHre o0béMa GuabTpaTa 3a BpeMs BpaieHus dt, m3;

p., - IVIOTHOCTb TBEPAOH Paskl, KI/M?;

€ - IOPO3HOCTb 0CA/IKa;

h - BbicoTa 6apabaHa eHTpUPyTH, M.

JAuddepeHpaibHOE ypaBHEHHE MaTePUATIbHOTO 6as1aHca Mo GUAbTPATY AJisl BblJIeJIEHHOTO
3JIeMeHTa B CJIOE:

d—V=27r-r-h-w 4)
dr

W - CKOpPOCTb QUIBTPATA, ABUXKYILETOCS Yepe3 CI0M 0caJiKa TOJIIMHON dr .
[Ipogudpepennpyem ypaBHeHue (4):

dVv dr
dw =—- 5 (%)
dr 2r-h-r
dp, =27-r-h-w (6)
Cy4détoM ypaBHeHUi (4) u (5) ypaBHeHHe (2) NpUMeET BUJ;
avy’ dr
dp,=—p- : — (7)
dr Qr-h) -r
['pasyveHT faByieHUs NpY GQUIBTPOBAHUHU B LIEHTPOOEKHOM IOJIE:
_ 2
dp, =p @ -rdr (8)
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[pafyeHT fAaBJieHUS 3a CUYET CONMPOTUBJIEHHS CUJ TPEHUS BbIPAa3UM B COOTBETCTBHUM C
0611MM ypaBHEHUEM QUIBTPOBAHUS:

_dpm:pmg-(l—g)-Roc-ﬂ, av) (dr

2 dr.r

)

C y4éTOM NOACTAaHOBKHU BCeEX CJIaraeMbIX YpaBHEHUS MOJYYUM
OCHOBHOE ypaBHeHHe QUJIbTPOBAHUA B LIeHTPOOEXKHOM I0JIe:

P3 n 2 05
_J.dp:—pa)zj.rdr_FL dV . ﬂ.'.M dV

f dr
ar V1R (1—¢)- % 1
@z-hy (dc) 17 2zn \ar I o ll=e) 00

1%}

rze p, U p,- JaBJeHHs Ha NOBEPXHOCTb OCa/iKa U CTEHKHU poTopa, I1a;

r, u r, — BHYTPEHHUH W HapPYXHbIA paJuychl MOBEPXHOCTH OCajZika U CTEHOK pOTOpa
COOTBETCTBEHHO, M;

€ — MIOPO3HOCTb B HEKOTOPOM TOYKE CJIOS;

R =R/ - ynenbHOe CONPOTHBJIEHHE OCaJiKa B HEKOTOPOM TOUKe cJiof, 1/m%;

h - BbIcOTa cTeHKU 6apabaHa LeHTpUdyru, M;

dV/dt - o6béMHBIN pacxos ¢uabTpaTta (06bEMHAsA CKOPOCTH Ipoliecca), M3/c;

- YIJIOBasi CKOPOCTh BpallleHUst 6apabaHa neHTpudyry, c.

4. KpumepuabHble ypagHeHUs1 YeHMpo6eHcHO20 Pul1bmposaHus

BcooTBeTcTBUU C3asiBJ€HHON TEMOW CTaThU PACCCMOTPHUM 10JIyYE€HHbIE IPU M CCIeJ0BAHUU
KpUTepua/bHble YpaBHEHUSI L eHTPOOEKHOTO (QUIbBTPOBAHMS, MO3BOJISIOIIME YIPOCTUTh
pacyéTbl MaTepUasbHbIX, KHHETUYECKUX, JUHAMUYECKHX MapaMeTpOB LEeHTPOOeKHON
dunbTpanuu [6,7].

CorslacHO BTOpPOH TeopeMe MOJ0OHS, KOJUYECTBEHHble pe3y/bTaTbl OMNBITOB CJeAyeT
npeAcTaBaAsATb B GopMe KpUTEpUaAJbHBIX ypaBHEHUU JAaHHOTO Mpolecca (B JAHHOM ciy4yae
- LeHTpo6exxHoro ¢uabTpoBaHus). KpuTepuasibHble ypaBHeHUs KaK BHUJ, (pHU3UYECKOTO
MO/JieJIMPOBaHUS MOJYYUM Ha OCHOBE TeOpUH nogobus [8].

Kak m3BecTHO, moJiIHOe 1oJj00Me BKJIIOYAaeT B cebsl: reoMeTpUyeckoe, KHHEMaTU4YeCKoe U
JUHaMU4ecKkoe BU/bl OJOOUS HATYpaJbHOTO 00beKTa U Ppu3ndeckord mMogesu. [lonoxum,
YTO 3TO TpebOBaAHUE APUOPHU COOJIIOAAETCS.

[IpuMeHMM MeTO/| aHa/Iu3a pa3MePHOCTEH, T — TeOpeMy, AJis1 BbIBOAA 1-ro KpUTEpUaAIbHOIO
ypaBHeHUs. [lyig noc/ieAyoLMX KpUTEepHUaIbHbIX YPAaBHEHUH UCIIOJIb3yeM MeTO/, YIPOLIeHUs
AnddepeHMaIbHBIX YPaBHEHUH LIeHTPOoOexHoro ¢puibTpoBanus [9, 10, 11.12].

1. Bbi800 1-20 Kpumepua/1bHO20 ypAa8HeHUS..

OcHOBHasa 3aZjaya ONTUMMU3ALUU: NOJYyYeHHE MaKCUMaJbHOW NMPOU3BOAUTENBHOCTU IO
BBIXO/y INKBaphl (G ) NPy ONTUMaJbHOM YHUCJIe 060pOTOB (Nn) pOTOpa LEeHTPUPYTH.

[IpyuMeHUM MeTon, aHa/iU3a pa3MepPHOCTeN. PaccMOTpHUM HMCKOMYI0 NPOU3BOAUTENBHOCTD
YCTaHOBKH I10 BbIXOAY INKBAphI G , KaK QYHKIMIO pA/ia apryMeHTOB ~ pU3UYeCKUX IapaMeTpOB.
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Gu=f(u p, n, D) (11

rae G, - yAae/abHas MaccoBas NMPOM3BOJAUTENLHOCTD LEeHTPUYTH 110 LIKBape, K2/C'M’,

U - AMHAMUYECKHUU K03(PUIIMEHT BA3KOCTH UCXOHOTO YKUPOBOTO ChIpb, [la-c.

p - JIOTHOCTb XKUPOBOTO ChIpbs, K2/M>.

n - 9MCJI0 060POTOB BaJia IeHTpUPyTH, C.

D - BHyTpeHHUH JuaMeTp 6apabaHa LeHTpUDYrHy, M.

CorsiacHO BTOpoM TeopeMe TMoA06Us, (PYHKLUHOHAIbHASA 3aBUCUMOCTb (U3UYECKUX
IPOIeCCOB BCerJja MMeeT B/l TOKa3aTe/IbHOI0 ypaBHeHUs. UMeeM:

Gu = By p'n*-DA (12)

B - yucneHHbIM KO3)PULIUEHT;

X, Y, Z, q — IOKa3aTeJy CTelleHen

HmeeMm 5 nepeMeHHbIX. C1e0BaTEbHO, COIJIACHO T-TEOPEME, YUCJIO KPUTEPUEB OINPEETUM:
0=5-3=2.

PacnuiieM pa3MepHOCTH BeJIMYMH, BXOASALUX B ypaBHeHUe (12):

[G, ] = Kke/c:M? = Ke:cl M’

[u ] =a-c = H-c/M? = k2:m-c/ c?M? = Ke-c1- m

[p ] = ke/M? = k2-m-?

[n] =c?

[D] =m

[TogcTaBMM pa3MepHOCTH BeJIMYUH B ypaBHeHUe (12):

ke:cl'mM? = B- (ke:ctm?1 )" (kem3)7-(c1) #+(m)?

[Ipeob6pasyem:

ke:clm? = B (ke:ctm1)* (kem3)+(c1) #+(m)?

ke-c w7 =B (ko)™ ()T ()

k2 1=x+y

c -1=x-z

M. -2 =-x-3y +q

BeipasuM Bce HeHM3BeCTHBIE I0KA3aTeIH Yepes «X».
y=1-x

z=1x

-2 =-x-3y +q

q= x+ 3y-2=x+3-(1-x) -2=x+3-3x-2=1-2x.

[TogcTaByuM nokasaresu B ypaBHeHue (3.3.2.38). [lonyyum:

G —g.,.P. D
w /J px nx D2x
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[TonyyuM ypaBHeHue:

szB-(#j p-n-D (13)

PacnuiieM pasMepHOCTH OT/e/IbHbIX KOMIIJIEKCOB, BXOASIIUX B ypaBHeHue (13):

H-¢c xe-m-c Ke

. 2 2 2
H _ Ia-c M _ M My
p.n.D2 KZ'l'M2 Ke K2 Ke
e M-C M-C M-C

BhISICHHUJIN, YTO KOMIIJIEKC u
2
p-n-D

SIBJISIETCS BEJIMUUHON 6e3pa3MepHOH.
Takum o06pa3oM, MNOJYYUJH BeJMYUHY, OOpPATHYH MOAUMPHUIIMPOBAHHOMY KPUTEPHIO
PeltHosib/ica /11 LeHTPUPYTUPOBaAHUS Reucb:

y7i 1
p-n-D? Re,,

(14)

.n-D?
Re,, =20 D°
y7i

Re,, XapakTepusyeT peXUM JABHKEHUs XKHU/KOTO ChIPbsi IIPH LEHTPUYTPOBAaHUH HAPsAY
c kputepueM ®pyzna Fr=n?D/1800.

Ke-M = Ke

M3'C C']l/l2

|p-n-D|=

JleByto yacTb ypaBHeHus (5.3.5) AesuM Ha KoMmIliekc p-n-D:

K2
Gm |:C'M2 =1
p.n.D Ke (15)
2
C'M

[TonyyeHHOe apo6HOe BoIpaxkeHUe (5.3.6) npexacTaBsieT co60il 6e3pa3MepHbIN KOMILJIEKC
- KpUTepUM Npou3BogUTeNbHOCTH I (B JaHHOM c/ydae no 1IKBape). 3/ecb BeJUYrMHa pnD,
obpaTHas y/eJbHOH NPOM3BOJUTENbHOCTH, IOKasblBaeT CONPOTHBJEeHHe R BennyuHe
NPOU3BOJIUTENBLHOCTH, KOTOpPOE NMPOMOPIMOHAIbHO MJIOTHOCTH CpeAbl (p), YMcay 060pOTOB
6apabaHa (n) U omnpejessLEMy TeOMeTPUYECKOMY pa3Mepy, BHYTPEHHEMY JAUaMETPY
6apabana nentpudyru (D).
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H Glu GI.LI

:p-n-D: R,

(16)

Takum 06pa3omM, B pe3ysibTaTe NOTYYEHO KPUTEPHUAIbHOE YpaBHEHHE MACCOBOH YAEIbHOU
MPOU3BOAUTENbHOCTHU:

G
S BRe, )

Il = (17)

r/ie k = -x - mokasaTeJib CTelleHH, 3aBUCSIIMN OT PEXUMA U OTpeie/isieMbli ONbITHBIM MY TEM.

B - yncioBoil K03pPUIMEHT, 3aBUCAILUN OT UHTEHCUBHOCTH LIEHTPUPYTUPOBAHUS, TAKKE
omnpeesisieMblil U3 ONBITOB. BesinuuHbI B U X TakKe oTpakeHbl B rpaduKax.

Wnu B gpyrout popme:

G,=B-p-n-D-(Re,, |

(13)
[To onbITHBIM JAHHBIM [Jis1 ONTUMaJIbHOU YacToTbl n = 2000 06/MHUH HMeeM:
D = 180 mm. CpesiHsist pacuéTHas miommaab ocaxxaeHus F=0,0635m?
Tab6suna 2
OcHOBHbIE JaHHbIE JJIs pacyéTa NapaMeTPOB KPUTEPHAJILHOTO YPABHEHUA
NPOU3BOAUTETbHOCTHU
Ne | Yacrora Ontu- 3arpyska Yucso [lapa Koad- [Tokasa- | Ymesb- Makcu-
Bpa- MasibHOE CBIPbS B Peii- MeTp; | ¢ULMEHT TeJb HbIHN MaJb
1eHUusd BpeMs LIEHTpU HOJIbJICA | Kr/M?:C CTelleHU BbIXO/, Has
poTtopa LlEHTpH- byry LIKBaphl | MPOU3BO-
06/MuH | ¢yrupo- B Kr/c:M? | AUTENb-
BaHHUA HOCTb I10
T, MUH LIKBape,
r/MUH
n G,r Re , pnD B k=-x - G,
1 1000 5 880 38507 2995,0 1,73 1,155 0,0262 100,0
2 1500 5 870 56989 4432,5 1,73 1,155 0,0306 116,6
3 2000 5 870 75986 5910,0 1,73 1,155 0,0350 133,35
4 2500 5 580 94982 7387,5 1,73 1,155 0,0386 147,07
Ucnonb3ysa oTKoppeKTUpoBaHHYMo nporpamMmy MathCAD, noayuyuan: x =-0,545u B =
0,0027. UmeeM:
G,, =0,0027 p-n-D-(Re,, |*** 19
golx 0 p-n ug ( )

N21(146)/ 2024 JLH. ['ymunes amoindarel Eypaszus yammuoik yHueepcumeminiy XABAPILBICHI.
TexHUKAIbIK FbLALIMOAD JHCaHE MEXHOA02USIAAP CePUsIChl

ISSN: 2616-7263. elSSN: 2663-1261

142



KpumepuasbHoe ypagHeHue npu onmumuzayuu pexcumos pabomol pussmpyroweli yenmpugyau

[IpoBepuIM MPaBUJIBHOCTb NOJIYY€eHHOI0 YpaBHEHUs], BbIYMCJISAS 3HaUYEeHUs TapaMeTpPOB B
TabsuILe 2.

PaccuuTanu yaenbHbIM BbIX0OA MIKBapbl GBBIX (Kr/c:M?%) (yesbHYI0 MPOU3BOAUTENBHOCTD
10 IIKBape):

1. Mlpu 1000 06/muH. G = 0,0027-2995-(38507)°** = 4,792-(1/38507)*** = =8,184-
0,0032 = 0,02619 kr/c-m?

2. Mpu 1500 o6/mun. G = 0,0027-4432,5-(56989)%* = 11,968-(1/56989)%>*
=11,968-0,00256 = 0,0306 kr/c-m?

3. TIlpu 2000 o6/mun. G, = 0,0027-5910-(75986)°%** = 15,957-(1/75986)*°*
=15,957-0,00219 = 0,035 kr/c-M?*

4. Mpu 2500. G _=0,0027-7387,5-(94982)***=19,946-(1/94982)%** == 19,946-0,00194
=0,0386 kr/c-m*

[IponsBoAUTENBHOCTD LeHTPUdYTH 10 wKBape G~ (r/MUH) HAXOJUM II0 3JIEMEHTapHOH
dopmyuie:

G, =60-1000-G, - F (20)

B8blX

rae G, - yJesabHas MaccoBasi CEKyH/Has POU3BOAMTENbHOCTh LIeHTPUPYTH C e JUHHIbI
IJIOLA/IU TOBEPXHOCTH OCAXAEHUS B KI/cC'M?;

F - dakTHyeckas niowaib ocaxJeHus eHTpUPyru (BHYTPeHHSAS IOBEPXHOCTb bapabaHa),
M?% M3BecTHA 0 KOHCTPYKTUBHBIM JJaHHBIM YCTaHOBKHU U cocTaBJjsieT F=0,0635 M2

60- nepeBO/, U3 CEKYH/, B MUHYTBI.

1000 - mepeBoA U3 pa3MEPHOCTH "KI'' B Pa3MeEpPHOCTb" T".

PaccunTam MaccoByt0 MUHYTHYHO IPOM3BOAUTEIbHOCTD IEHTPUYTH 110 1KBape G (r/MuH):

1.Tlpn 1000 06/mun. G =G, -F-6:10* =0,0262- 0,0635- 6:10* =99,822= =100 r/MuH

2.Mlpu 1500 06/mMun. G =G -F-6:10* =0,0306-0,0635 6:10* =116,6 r/Mun

3. 1lpu 2000 06/mMun. G =G -F-6:10* =0,035- 0,0635- 6:10* =133,35 r/muH 4. llpu
2500 06/mun. G =G -F-6-10* =0,0386-0,0635- 6:104 =147,07 r/MuH

G __ (kr/c-M) ot Re , - umcio PellHO/Ib/ICA, XapaKTepPHU3YIOLIETO PEXUM L EHTPUPY-

BbIX

BbIX

BbIX

rupoBaHus. [loCTpOeHbI COOTBETCTBYOLIME IPAPUKH.
G,,=f(Re,)

BbIX
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RO AR U o 4

G@bzx KZ/ (8 'MZ
0,045

0,04
0,035
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0,025
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0,015
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0,005

0
0 20000 40000 60000 80000 100000

PucyHok 3. 'pa¢puk pyHKIMU 3aBMCUMOCTH Y e/IbHON MacCOBOl MPOM3BOAUTE/ILHOCTH M0 IKBape
G, (kr/cM) oT Re , - 4ncia PeiiHO/Ib/ICa, XapaKTepH3YIOIIETo PeXHUM LeHTPUPYTUPOBAHUA
Ta6sunna 3
AanHbie piasirpagpuka G =f(Re ¢)

Yucso Perinosbzca Re YnenbHBIN BBIXO, IIKBAPHI B KI'/C*M? G,
38507 0,0262
56989 0,0306
75986 0,0350
94982 0,0386

X

w:f(Rew)

G
160
140
120
100

80
60
40
20

0
0 20000 40000 60000 80000 100000

w S/MUH
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Tab6suna 4
JlaHHble fuisi rpapuka G = f(Re, ¢)
Yucno PertHobACA [Ipou3BOAUTENBLHOCTD 110 LIKBAapeE, I'/MUH
Re . G,
38507 100,0
56989 116,6
75986 133,35
94982 147,07

Pe3y/sbTaThl M 06CYXK/EHHE

OnTumusauus npouecca UeHTPUPYTMpOBaHUSA NMPU MOJYYEHHUHU WIKBapbl, B YaCTHOCTH,
COCTOs1J1a B 00ecrieyeHUH TaKOro pexrMa paboThl, IPYU KOTOPOM abCOIOTHBIN BBIX0O/, LIKBAPbI
G, . (r) v npouentHas o All (%) 6yayT MakcHMMaJbHO BO3MOXHBIMH IIPHU ONTHMaIbHOM
(MUHUMa/ZBbHOM) BpeMeHMU LeHTpUyrupoBaHusi T (MHH), a TakXe NPU OTHOCUTEJbHO
HeboJbLION 3aTpadeHHON MowHOCTH N, ONBITHBIM MYTEM TAKOH PeXUM PaboTbl ObL1
HOJIyYeH.

PaccuuTasnu u onpesenav ONTHMaJbHbIM PEXKUM C IO3ULIMH MaTeMaTHyeCKON 06paboTKU
3KCIlepMMeHTAaJIbHbIX JaHHBbIX.

Bribupasnu napamerp ontumusauuu y (G ), 3aBucamuii ot pakropos X, X,,...X . 3ajjaua
ONTUMM3ALUU: ONpeJie/ieHue TaKUX 3HauyeHUM (PaKTOpOB, NPU KOTOPbIX ITOT MapaMeTp
JIOCTHUraeT 3KCTpeMyMa (MUHUMyMa UM MaKCUMyMa).

[lapameTp onTUMHU3aLUH ¥ (KpUTEpPUN ONTUMU3ALUHY, LiesieBast PYHKIUU) KOJIUYECTBEHHO
XapaKTepu3yeT UccaelyeMblil polecc.

B HaueMm ciyyae B KauecTBe LiesieBOM QYHKIUM O6blja BbIOpaHa MPOU3BOAUTENBHOCTD
neHTpudyru no BuixoAy mwKsapbl G . ®akTophl, onpejesoliie napaMeTp ONTUMHU3aLUH
y- 9TO Macca 3arpysku cbipbst m (X,) BpeMms neHTpudyrupoBanus T (X,).

Ha ocHoBaHuM Qu3MKO-MaTeMaTU4eCKOM o0OpabOTKM MaccuBa [JaHHBIX MOJYYHUIU
ONTUMaJIbHble TEXHOJOTUYECKUE PEXUMBI PA6OThI [EHTPUDYTH.

Kak BH/AHO W3 NOJyYeHHbIX TpaPUKOB M BbIYUCIEHUH, HAUOOJBLIUN BBIXOJ, LIKBApPHI
HaOJII0/1a/ICsl MPHY YacTOTe BpalleHUs1 poTopa 1eHTpudyru n = 2000 06/MuH.

Haubosibliass nporu3BOAUTENBHOCTb N0 BBIXOAY UIKBaphbl JJisl BCEX PEKUMOB M0 4acTOTe
BpallleHHUsl poTopa LeHTpUudyru HabJio[anach NIpy BpeMeHU 06pabOoTKHU ChIpbsl T = SMUH. [Ipu
aToM npu 4yactote n = 2500 06/MUH ObLIA MOJyYeHA MaKCUMaJsbHasl MPOU3BOAUTENbHOCTh
G =147.07 r/mMuH

Pe3ysbTaTaMu BbINOJHEHHOW HCCI€0BaTENbCKOM paboTbl B Y3KUX paMKaX CTaTbH
ABJISIIOTCS 3KCIIEPUMEHTAJNIbHO NOJABEPXKAEeHHasd NPaBUJIbHOCTb KOHCTPYKTHMBHBIX pelleHUH
pa3paboTaHHOW yCTaHOBKH; TEOPETUYECKU U MPAKTUYECKU MOJBEpPXKAEHHble ONTUMAJIbHbIE
TEXHUKO-IKOHOMHUYECKHE PEKUMBI pab0Thbl LeHTPUPYTH.
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[[puMeHUB TeopUl0 NOAO0OHUSA, MOJYYUJU aJeKBaTHble [Jisl NPAKTUYECKUX PACYETOB
KpUTepHa/ibHble ypaBHEHU, OZJHO U3 KOTOPbIX paCCMOTPEJIU B JAHHOU CTaThe.

BbIBOABI

MaTtemaTHyeckue U QU3MKO-MaTeMaTU4yecKass 0O6paboTKa C MPOBEPKON aJeKBATHOCTHU
BbIUMCJIEHUN OMNBITHBIX JaHHbIX [03BOJIMJA MNOJYYUTb  TpebyeMble MaTeMaTHYeCKHe
M ¢QuanyecKkMe MOJeJU IMpPOLEeCCOB LEeHTPOOEXKHOro OcCaX/JeHUs C OJHOBPEMEHHOU
dunpTpanuel. AHaIM3 TEOPETUUYECKUX U TPAKTUYECKUX Pe3Y/IbTATOB MO3BOJIUJI ONIPEIEJIUTh
ONTUMaJIbHblE TEXHHUKO-DKOHOMHUYECKHE peXUMbl paboThl LeHTpUdyru. BoinosHeHa
IpaKTUyecKass peaju3alusi pe3yJbTaTOB 3KCIEepUMeHTa M paACYETOB, BKJIOYaloOLas
CUCTEMHYIO U 3KOHOMHUYECKYI0 ONTUMMU3ALUI0 pabOThl BCE KOMJIEKCHOM YCTAaHOBKH, a TaKXKe
WH)XeHEePHYI0 MEeTOAUKY pacyéToB nocjaegHel. TakuM 06pa3oM, MOCTaBJIEHHbIE L[eJIU Y 33/1a4U
ucc/e0BaTebCKOW paboThl pellieHbl.

Bkiiag aBTOpOB:

KacenoB A.JI. - unTeplnpeTanus pe3yJbTaTOB, KOHLENYMA METOL0JI0TUH.
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Angarna. Kasakcran PecnyGyinKacblHAA OpTa >KoHe IIaFbIH KOCIMOPBIHAAP/bl AaMbITY/IbIH,
6acblM GAFBITTAPBIHBIH, Oipi MKKI3aTThl KaJAbIKChI3 KaWTa 6HJEY TEXHOJOTHUSJIAPbIH eHri3y 60JIbIn
TabblIaZbl. MyHAal eH/ipicTep/liH, KaTapblHa OPTa >K9HE IIaFbIH €T OHJEeY KoCiMOpbIHAPHI KATAAbI.
ET eHiMAepiHIH KaJJbIKChI3 TEXHOJIOTUSACBIH MKEeTiNJipy/le KYpFaK »KeM eH/Jipici 6acka »keMmiuen
oHiMJepiHEH camacbl KaFbIHAH >KOFapbl OOJFAHABIKTAH, COHFbICBI  TaFaMJbIK KYH/bLJIbIFbIHA
GaliIaHBICThI YJIKEH CypaHbicKa ve. KypFak Mas as3bIfbIH eHAipyZe LeHTpudyrasay npoieci Manibl
IIKBap/iaH 6eJ1y YilliH KoJJaHblaaabl. MaiiiblH 66J1iHyiH e 1leHTpudyrasay npoiecid KoJijaHy IKBap
HOTIKECIH/le Malia 60J1aThIH MaW/bIH Canackl MPECTEY KOHE IKCTPAKIMS MPOIleCTEPiHE KapaFaHia
eZ1ayip »KoFaphl 60J1a/bl.

ET eHfey eH/IipiciH 1aMbITy KQXKETTIiriH ecCKepe OThIPHII, ’Kab6/bIKTbIH MEHIIIKTi SHEPT U HIBIFBIHBIH
a3alTy/blH *K9He 6HIM 6HJAIpYy KeJieMiH YJAFaWTyAblH 63iHJiK MYMKiHAIKTepiH Ke3AeWTiH Temkill
»Kab/IbIKTA CYHBIK reTepOTeH i XKyHesep/li 66J1y TPOIeCiH XKeTiNAipyAiH MaHbI3bI 30p. Makasiaza 6acThl
3epTTey 6aFbIThl PETiH/E OPHBIKKAH TIXipube, MaliMeTTepAiH pu3nKa-MaTeMaTHKa/bIK CUIAaTTaphI
KOJIJIaHbLJIbII, HOTHXKECIH/ie TEXHUKA-3KOHOMUKaJbIK I03ULMA/Aa OHTAWJIbI )KYMbIC PEXKUMI TaHAAJAbI.
CoHbIMEH KaTap, 3epTTey/liH K0JIJlaHO6a bl MaHbI3bl aHbIKTA/bI.

TyiiH ce3aep: npolecc, TEXHOIOTHS, TEXHUKAJIbIK-3KOHOMHUKAJIBIK, OHTANHJIaH/bIPY, IIeHTPpUdyTa,
MoJieJib, 8H/lipic, KpUTEPUNIIK TEHAEYIED.
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The criterion equation for optimizing the operating modes of the filter centrifuge

Abstract. In the Republic of Kazakhstan, one of the priority areas for the development of medium
and small enterprises is the introduction of waste-free processing of raw materials. These industries
include medium and small meat processing enterprises. In improving the waste-free technology of meat
products, the production of dry feed is in high demand due to the high nutritional value of the latter,
which often surpasses other feed products. In the production of dry animal feed, the centrifugation
process is used to separate the fat from the flakes. The use of the centrifugation process in the separation
of fat from the pulp leads to the fact that the quality of the fat released is significantly higher than in the
pressing and extraction processes.

Taking into account the needs of the development of meat processing production, it is of great
importance to improve the separation process of liquid heterogeneous systems on centrifugal
equipment, which provides for a reduction in the specific energy consumption of equipment and its own
opportunities to increase production volumes.

Keywords: process; technology; technical and economic optimization; centrifuge; model; production;
criteria equations.
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Abstract. This article is written about a new concept of train traffic control.
A topic of significant relevance in the field of organisational and safety aspects
of train traffic.

The existing system of train traffic control is based on the principles of
application of field devices railway automation, and depending on their state
driver provides movement or stopping of the train. Also on the monitoring
panels, which are located in the control center, describes the state of floor
devices, by them train dispatcher keeps track only the approximate location of
the train.

ETCS is based on the idea of continuous monitoring of the transport process
using a combination of various technical means, thereby achieving a safe
reduction in the transit interval, which means an increase in throughput. The
ETCS is based on determining the location of the train, calculating the distance
between trains, controlling the maximum permissible speed on the section,
calculating the braking curve (depending on the speed over the distance
traveled), comparing route data with the technical characteristics of the train.

The requirements for ETCS devices are strict parameters of the accuracy of
the navigation system: the error in determining the location of the eurobalance
should not exceed + 1 m, and the error of the odometers should not exceed + 5%
of the distance traveled.
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1. Introduction

This system can determine the exact location of the train, and also provide information to the
driver about of the train’s location and speed of the route of the previous train. In addition, the
existing system does not allow for the remote stop of the train in the acute necessity of it (for
example, if something happens to the locomotive driver or at any possibility of an emergency
situation). Thus, under the current system, controlled the field devices, not the train, that does
not give possibility to provide sufficient security and efficiency of the organization of movement
of trains, and also restrict the use of the throughput of the railway stations and speed route of the
mobile units. Such a principle of train traffic control, until recently, was applied on the railway
transport of almost all countries. And in connection with the fact that in general, each state uses
its technology and equipment, operating in various standards that are not compatible between
themselves, there are border issues, which are important for the organization of international
and transit traffic.

It is known that one of the important indicators of railway transport is the capacity of the
backbone network, which in turn depends on the applied system of the interval regulation of the
traffic. And when the throughput of the railway reached its maximum use, there is a necessity of
construction of the second ways. Specialists know that the regulation of movement of trains on
a particular division carries out the train dispatcher with the help of various means of railway
automatics, telemechanics and communication, technical opportunities which largely determine
the carrying capacity of the site. Today on the railways of Kazakhstan for this purpose is used
the technique and technology were developed in 50-60 years of the last century. In this case,
even introduced in 2007 in the areas of the backbone network of new technology of production
of the CIS countries is no different in principle of their action on the existing, except for the
advanced element bases of individual nodes.

2. Methods

In this regard it should be noted that the current system of the management of train traffic
has reached its limit opportunities, and further increase of throughput of the railway sections,
security level, speed of movement of trains, as well as the efficiency of the rolling stock usage
becomes impossible without a radical revision of the existing system of train traffic control. In
addition, the integration of the economies of different countries, the rapidly growing volume of
transportations of cargoes and passengers, traveling in interstate communication, developing
competition in the market of transport services, forcing the railway administrations of the
different States to rethink methods of work in all areas of the railway transport and require the
building of a unified system of control of movement of trains within the borders of many States [1].

3. Results and discussions

The solution ofthese problemshasbecome one ofthe mostimportanttasks ofthe International
Council of Railway transport (UIC) in the framework of which has carried out certain work with
allowance for the mobilization of the potentials of the leading companies and scientists of the
world in the field of railway transport on the search for the answer on these issues.
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As aresult, was developed a new concept of train traffic control, which fundamentally differs
from the present and corresponds to the requirements put forward by the Commission of the
UIC. Today, more than 30 countries, including China, support this concept. And member states
of the European Union define concrete terms, during which they will need to build a unified
system of control of movement of trains. Work is carried out in the framework of the project
for the creation of the European system of control of transportation process on the Railways
(ERTMS), initiated in 1995 by the European Commission. The basis of this project is the system
of management and safety of movement of trains ERTMS/ETCS. In this regard, countries such
as Germany, Belgium, Spain, Finland, Norway and others already have concrete results, and
countries such as China, India, Turkey and Russia are doing some work [2].

The proposed concept is based on the principles of the direct control of a moving object
(without the use of traditional floor devices). The question of transition to the organization
of the movement of trains through the onboard system of mobile units instead of the traffic
management system through the floor of the device, stood before the world community for a
long time. This problem were occupied by the scientists of many countries. One of the most
important aspect in the decision of this task was to find ways to install a reliable and secure
connection with the moving object regardless of the speed of its movement, which could ensure
permanent monitoring and management of the object. Solution of the problem became possible
only with the advent of modern telecommunications technology.

After a thorough study, research and comparative analyses in the field of telecommunication
technologies, the most suitable for the organization of communication with moving objects,
experts agreed the standard GSM, on the basis of which was developed specialized for railway
transport system of mobile communication - GSM-R (here «R» means railway from the German
word - Railways).

GSM-R is a complex system with wide range of possibilities and a set of the specialized
for railway transport applications, implementation of which will allow to raise to a new level
of quality, both the organization of the transportation process, and in the whole system of
management of the company. Today, the Commission recommends that the UIC system GSM-R
as an international standard system for the implementation of transition of Railways to the new
principle of train traffic control.

S — = = 7 = e =3
Figure 1 ETCS floor devices: eurobalises (between rails) and wheelset counting device
(fixed on rail), Erfurt — Leipzig line, Germany
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Figure 2 Block diagram of elements of on-board equipment of rolling stock equipped with ETCS

Implementation of the new concept of train traffic control demanded the solution of another
important problem which related to the development of a universal international alarm system
and a safety of movement of trains (ETCS).

Thus, we can stress that in order to realize a new concept of train traffic control is necessary
to construct a system of GSM-R and implement a system to ensure the safety of movement of
trains, stipulated by the project ETCS.

[t is necessary to note, that the transition to the new principle of organization of movement
of trains will in order to increase throughput of the railway lines and to revise the expediency
of the construction or extension of second tracks and longitudinal transmission lines in some
areas of the backbone network. And this, in turn, will contribute to the reduction of capital
investments in the infrastructure of the backbone network of the railway transport and reduce

the cost of transportation.
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Given that the Commission recommends that the UIC developed the concept in the quality of
the international and Kazakhstan strives to join the composition of the UIC, it will be necessary
for this question to determine its position and our Republic, which has a specific policy of
reforming of railway transport of the country [3].

In addition, the geographical position of Kazakhstan in the center of Asia attaches great
importance to occupy the best positions in the market of cargo and passenger traffic. All of
this obliges railway administrations of Kazakhstan to take the necessary measures, aimed at
improving the safety, reliability, and commercial attractiveness of the railway transport.

It is clear that the successful solution of these problems will largely depend on the proper
technical policy and the degree of compliance with international standards and norms in the
selection of new equipment and technologies for implementation in the industrial economy of
railway transport.

4. Conclusions

The specialists of J[SC «NC «Kazakhstan Temirzholy» studied the details of the above mentioned
systems and developed the possible options for implementing projects in the conditions of JSC
«NC «Kazakhstan Temir zholy». In addition, meetings were organized with the developers of the
systems and the leaders of projects for the implementation of GSM-R on the German Railways.

Back in March 2017, a working meeting of the management of JSC NC "Kazakhstan Temir
Zholy" with representatives of the International Union of Railways (UIC) took place. The parties
discussed the interest of JSC NC KTZ in the use of automatic wheelset width change systems
at border crossings and the project of equipping locomotives with diagnostic devices for track
infrastructure and contact network. In addition, the participation of JSC "NC "KTZ" in UIC
research projects and the development of unified railway standards, as well as the experience of
operating railway transport in difficult climatic conditions and improving its energy efficiency
were considered.
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HoBrble MeTO/ bl yIpaB/IeHUA JBHKEeHUEM M0€e3/10B

AHHOTanusd. TeMa JaHHOUM CTaTbM O HOBOW KOHLIENLUHW YIPaBJeHHUS JBUKEHUEM M0€3/J0B 0YEHb
aKTya/ibHa B 006/1aCTH OpTraHU3aluy, 6e30MacHOCTH ABUKEHUSI N10€3/10B.

CylyecTByo1as cUCTeMa yIipaBJeHus ABUKEHUEM [10e3/J0B OCHOBaHa Ha NPUHIUIAX IPUMeHEeHHUS
HaNOJIbHBIX YCTPOUCTB KeJ1Ie3HOAO0POKHOM aBTOMATHKH, U B 3aBUCUMOCTH OT UX COCTOSTHUSI MALIUHUCT
OCYUIECTBJISIET JBUKEHHE UM OCTAHOBKY Moe3/ia. Takke Ha KOHTPOJIbHBIX MPUOOPAX, HAXOASAIIUXCS
B JIUCIETYEPCKOM II€HTpe, OTPa)KaeTcs COCTOSHHE HAaNOJbHBIX YCTPOMCTB, IO KOTOPBIM NOE3JHOU
JUCIeTYep OTCJIEXKUBAET TOJbKO OPUEHTUPOBOUYHOE MECTO HAaX0XKAeHHs 1oe3/a.

B ocHoBy pa6oTbl ETCS moJsioxkeHa Hjess HeMPEepPbIBHOTO KOHTPOJIS MEPEBO30YHOr0 Mpoliecca C
OMOILbI0 COBOKYITHOCTH Pa3JIMYHBIX TEXHUYECKHUX CPEJCTB, 6y1arojaps ueMy J0OCTUraeTcsi 6e3onacHoe
yMeHbllleHHe UHTepBaJa MOMyTHOTO CJleJ0BaHUs, a 3HAUYUT, YBeJUYeHHe MPONYCKHONW COCOOHOCTH.
JevictBue ETCS ocHOBaHO Ha omnpejeseHUM MECTONOJIOKEHUSI MO0e3/a, BbIUMCJIEHUU PACCTOSIHUS
MeX/Jy COCTaBaMH, KOHTPOJIe MaKCUMaJbHO pa3pelléHHON CKOPOCTH Ha y4yacTKe, pacyéTe KpUBOU
TOPMOXKEHUS (3aBUCHUMOCTU CKOPOCTH OT MPOMJIEHHOTO NYTH), CONTOCTaBJAEHUU JJaHHbIX O MapILPYTe C
TeXHUYEeCKUMH XapaKTepUCTUKAMHU 1oe3/a.

K ycrpoiictBam ETCS mnpeabsBiAOTCA CTpPOrde mapaMeTpbl TOYHOCTH pPabGOThl CHCTEMBI
HaBUTaLMHU: TOTPELIHOCTD ONpe/ieJIeHUs] MECTOIOJIOXKEHHWS eBp06a/IN3bl He JI0JIPKHA IPEBBIIATD +1 M,
a IOTPelHOCTb 0JOMETPOB He J0JIXKHA NpeBbIaTh +5 % OT NpoileHHOro Ny TH.

KioueBble cJjI0Ba: TpaHCIOPT, MEHEMXMEHT, yOpaBJeHWe [JOPOXKHBIM [JIBIXKEHUEM,
MHOPACTPYKTypa, aBTOMATHUKA.

A.C. AritxoxxuHa', A.B. Opa3anuna?, ILH. baiiry:xuHa®
123 JL.H. ['ymunee amoiHdarsl Eypasus yammulk ynusepcumemi, Acmana, Kazakcmat

I10i1bI3 KO3Fa/IbIChIH 6aCKAPYAbIH, )KaHa dAicTepi

Angarna. Makasa moibi3 Kayilci3/iiri casacblHJa 63eKTi 60JbII TaObLIAThIH HETi3ri Macesenepi
TaJiaM, KeJliK K03FaJlbICblH 6aCKapy/blH *KaHa TY>KbIpbIMJjaMaChIH YCbIHAABI.

KosaanbicTaFbl ONWbI3AAP/bIH KO3FaIbIChIH 6aCKapy xKyHeci TeMip:Kos aBTOMaTUKAChIHBIH e/leH/TiK
KYPBUIFBLIAPBIH KOJIJAHY NPUHLUITEPiHE HeTi3JesireH >KoHe OJIapAblH >KaFfjaiblHAa GanJaHBICThI
MaIlUHUCT NMOUBI3/blH KO3FaJbICBIH HeMece asi1[ayblH Ky3ere acblpajbl. CoHal-aK, AucleTYepaik
OpTa/bIKTaFbl 6aKbLIAy acanTapbiH/A M0e3/] AUCIeTYepPiHiH Moe3/1bIH 60/KaM/[bl OpHaTaCKaH KePiH
Ka/laFaJJalThIH eJleH KypbUIFblJIapbIHbIH, Xall-KyWi kepceTineni.

ETCS >XyMBICBIHBIH, HETi3i 9pTypJli TEXHUKAJIBIK KypaJAapAblH *XUBIHTBIFbl apKbL/Ibl TaCbIMa/1ay
npolueciH y3aikci3 6akpliayblHa HerizgeareH. COHbIH HOTHXKECIH/Ie 3KO0J1 XKYPY apaJiblFbl Kayincisirin
asalTyFa, IFHU 6TKi3y KabiJieTiH apTThIpyFa KoJ KeTkizisneni. ETCS apekeTi molbI3blH, OpHalacKaH
KepiH aHBbIKTayfa, KypaMJap apacblHJAAafFbl KALIBIKTBIKTBI €CelTeyre, ydackele pyKcaT eTiJareH
eH JKOFapbl >KbUIJAMJABbIKTbl OaKbliayFa, TeXey CbI3bIFbIH ecenTeyre (KbUIJAMABIKTbIH ©TKEH
’KOJIFA TAYeJJiJiri), MappyT Typasjbl MaJIiMeTTepAi MOWBI3/AbIH, TEXHUKAJbIK CHUIATTaMalapblHA
COMKeCTeH/lipyre Heri3/ie reH.
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New methods of train traffic control

ETCS KypbLiFblaapblHa KOWBLIATBIH TajalTap, HaBUraluf >KyWeci »KYMbIC JAdJJICiHIH KaTaH,
napameTpJiepi 6ap: eypobanv3aiH opHasacy KaTesiri +1 M-JleH acmaybl Kepek, ajl 0JloMeTPJEP/IiH
KaTeJliri 6TKeH 0JbIH +5% - HaH »KoFapbliaMaybl THiC.

Ty#iH ce3aep: KoJlik, MEHEPKMEHT, 3K0J1 KO3FaJIbICBIH 6acKapy, UHGpaKypbLIbIM, aBTOMaTHKa.
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00630p KCN0/Ib30BaHMA YPEOJIUTUYECKUX OAKTEPHUH B poLecce
OHoLeMeHTal Uy FPyHTa

KT KycoeprenoBa*'™, A.C. Tyne6ekoBa' -, U.T. \Kymaaunios>
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AHHOTanMs. Ha cerosgHs npuMeHsII0TCS pa3/IMYHble METO/IbI 10 YIYYIIIEHU IO
CBOWCTB IM0YB - FPYHTOB, OJJHAKO YYeHble 3aHUMAIOTCA MOCTOSTHHBIM MTOUCKOM
aJIbTePHAaTUBHOU METO/IUKH, CIIOCOOHOM YIYYIIUTD COCTOSTHUE MOYBbI - TPYH-
Ta C MUHUMaJIbHbIM HapylIeHUeM 3KOJIOTHH, COKpallleHueM HEraTUBHOT'O BO3-
JIeICTBHSI Ha 9KOCHUCTEMY U ee cOXpaHeHHeM. buoueMeHTanus, ocylecTBs-
eMasl pa3/IMYHbIMA MUKPOOPraHU3MaMH, NP 33/ aHHBIX YCJOBUAX OTBEYaET
BCEM YKa3aHHbIM TpeObOBaHUSAM. B 1aHHOM cTaThe MPUBOAUTCS 0630p MpeaJia-
raemMbIx METO/I0B OHOLIEMEHTAI[UU C UCIOJb30BaHUEM OAKTEPUH, CIIOCOOHBIX
IpOAYIUPOBATH ypea3y NyTeM MUKPOOHO-UH/YIIUPOBAHHOTO OCAXKAIEHUS Kap-
60HATOB. XOTS1 MHOT'OUYHMCJEHHbIE UCCIEJOBAaHUS B JIAOOPATOPHBIX YCIOBUAX
MoKa3aii ycnex mnpoiiecca 6MolieMeHTallMU KaK 3KOJO0TUYeCKH 6e30MacHOro
MeTo/la CTPOUTENbCTBA, IPUMEHEHUE 3TOM CTpaTeruy Ha MpaKTHUKe U B IO-
JIEBBIX YCJIOBHUSAX 10 CUX [OP OCTAeTCsl HepeluleHHOM Npo6seMoid. ITO BbI3Ba-
HO ZIByMsl OCHOBHBIMM TPY/IHOCTSIMH: BO-TI€PBbIX, OMOI[eMEHTALUS SABJISIETCS
CJIO>KHBIM SIBJIEHHEM, 3aBUCSIIUM OT MHOXXeCTBA PaKTOPOB, BO-BTOPbIX, B Ha-
YYHOU JIUTEpPAType pacCMaTPUBAKTCS Pa3IMYHbIe BU/Ibl MUKPOOPTAaHU3MOB U
pasJiMdHbIe YCI0BUSA, YTO PUBOJUT K pa3HO0Opa3Hrio pe3yibTaToB. [IpeacTas-
JIeHHasl paboTa Mo3BOJIIeT U3YYUTh MOCAeJHHUE JOCTHKEHUSI B TPUMEHEHUU
IIMPOKO pacrpocTpaHeHHbIX 6akTepui Sporosarcina pasteurii, Bacillus cereus
u Bacillus paramycoides. Takxe B paboTe onpeeJieHbl HanpaBJeHUs i Oy-
JYUIMX UCCIeJOBAHUM C 1[eJIbl0 pacuiupeHus IpUMeHeHUs JaHHOTO crocoba.

KioueBble c0Ba: O6OuoOlLieMeHTallMs, MHUKpPOpPraHU3Mbl, Sporosarcina
pasteurii, Bacillus cereus, Bacillus paramycoides.
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0630p uCcno.16308aHUs1 ypeoaumuyeckux 6akmeputl 8 npoyecce 6uoyeMeHmayuu epyHma

1. BBeaenue

B nocnesHue JgecATUeTHs BCe 4Yalle BO3HUKAeT HEOOXOJAMMOCTb MCHOJIb30BaHUSA
3K0JIOTHUYEeCKH 6e30MacHbIX METO/I0B yKpeIJIeHHU s TPYHTOB, 0COOeHHO 6e3 yliep6a /1711 MeCTHON
MHOPACTPYKTYPHI. B CBA3U € 3TUM 3HAUUTEJNbHOE Pa3BUTHUE MOJYYUIU METObl YIydIlIeHUs
TPYHTOB C HCIOJb30BaHUEM TEXHOJOTUU OuoueMeHTanuu [1]. OAHUM K3 NpPeuMYLIEeCTB
O6MOLeMEHTALUN ABJISETCS UCIOJb30BaHUE PA3/IMYHbIX BUJO0B MUKPOOPTraHU3MOB, a TaKKe
cnenudurieckux (GepMeHTOB, MOJy4YaeMbIXx K3 3THUX MHUKpPOOpraHusMoB. B HacTosliee
BpeMsl MONyJsipEH MeTOJ, MUKPOOHO-UHAYLUPOBAHHOIO OCAaX/JeHUsl KapOoHaTa KaJbLus,
3aKJII0YaLUica B OMOXUMHAUYECKOM MPOLecCe OCAXKAEHUsI KPUCTAJLJIOB KapOoHaTa KalbLiys
(CaCO3) mop BO3EeHCTBUEM aKTHBHOW [eATEJNbHOCTH YPEOJHUTHYECKUX OaKTepul B
pe3y/bTaTe TUApPOJIM3a MOYEBUHBI (ypeoJih3a), MPOTEKAWIEro B OKpy:Kamwllen cpeze [2].
Haubosee adpdekTBEH 3TOT METOJ C MCNOJIb30BaHUEM GakTepuu Sporosarcina pasteurii.
Hapsigy c aTuM, npoBezeHbl ucnblTaHus ¢ 6aktepusmu Bacillus pasteurii, Bacillus Cereus u
Bacillus Megaterium, a Takxe ¢pepMeHTaMH, BblJjeJIEHHBIMUA U3 PACTeHUH, TAKUX, KaK 6OObI
Jxeka u coq [3].

Sporosarcina pasteurii MMeeT CIOCOGHOCTb 0OpPa30BbIBATb 3HJOCIOPbl - HEAKTHBHbIE
CTPYKTYpbl, KOTOpble 00pa3yloTcsd OaKTepUsIMM B YCJOBUSX HeJOCTaTKa NUTaHUA [4].
JH/0CMOPBI NO3BOJISIOT 6AKTEPUSAM HAaXOAUTbCSA B COCTOSIHUU NTOKOS1 B TEUEHUE JAJTUTENbHOI0
BpEMEHHM, BbIJEpXXHUBasi 3SKCTpeMaJibHble VCJIOBUS, TaKue, KaK Y/JIbTpadUoIeTOBOE
M3Jly4yeHUe, BbICylIIMBAHUE, BbICOKHE TeMIlepaTypbl, HU3KHE TeMIlepaTypbl U XUMUYECKHUE
JlesnHGULUpYIoLMe CpefCTBa, I0OKa OKpPYyXKawlas cpefia He CTaHeT 6JIaronpUsATHOMU AJIS UX
aKTUBal MU [4].9Ta0Cc0O6EHHOCTh IOBbIIIAET BBIXKHUBAEMOCTH S. pasteurii Bo Bpaxk/je6GHbIX cpeiaxX
Y M03BOJIIET PEryJMpoBaTh MeTaboJNYeCKHe MPOLEeCcChl B COOTBETCTBUN C NOTPEOHOCTAMHU
WMHXXeHepoB. Sporosarcina pasteurii fiBJsieTcs 1[eJIOYHON O6aKTepuell W Jyylle BCEro pacTteT
B Les104HOM cpezie ¢ pH oT 9 fo 10, HO MOXeT BbIXKMBATh U B YMEPEHHO KECTKUX YCJIOBUAX
c pH mo 11,2, yTo aAenaeT ee MOAXOAAIIMM KOMIIOHEHTOM J00aBKH JJisl MCIOJIb30BAHUS B
cTpouTeabCTBe [3].

BakTepusi Sporosarcina pasteurii nputsaruBaetT HoHbl CaZ+, KOTOpble 06eCledYuBalT
HOpMaJibHOEe PYHKLIMOHUPOBaHMeE KHU3HEHHBIX NpoLeccoB 6akTepuu. To KOJIMYECTBO NOHOB,
KOTOpOe He OYAeT MCIO0JIb30BAaHO B MeTaboJIMYeCKUX NMPOLeccaX, 0CAK/AAeTCsl Ha BHEIIHe!
NIOBEPXHOCTU KJETOYHOU cTeHKH. [locsie foGaByiieHus cpejpbl, coleprallleld, B YaCTHOCTH,
MOYEBUHY, IPOUCXOAUT €€ FUAPOJIU3 - MOUYeBUHA I'M/IPOJIU3YeTCs [0 aMMOHHUSA U YIJIEKHCJIOTO
rasa (c obpaszoBanueM HOHHbIX popM NH+ u CO2-). Peakiiyst MOHOB KaJibliMsl, OCAXKJEeHHbIX Ha
KJ1eTo4yHo# cTteHke (CaZ+), c nvoHoM CO2- npuBoAUT K BbinaZieHUt0 CaCO3 u, TakuM 06paszom,
K LleMEHTUPOBAHMIO MTOYBHI - FpyHTa [5].

OcaxjeHue KapboHaTa KaJblMs B IPUPO/e MPOUCXOAUT XUMUYECKHUM NyTEM B pe3y/ibTaTe
M3MeHeHUs MapaMeTpPOB OKpy:Kallleld cpefibl, HO 3HAa4YUTeJbHAasi ero 4acTb 0OpasyeTcs
6MOreHHBbIM Iy TEM BIIpOLiecCe GUOMUHEPAJIN3aAL MU IPU YIaCTUHKUBbIXOpraHu3MoB.KapboHaT
KaJIbLIUSI MOXKeT BCTpevyaTbCs B [BYX Pa3HOBUAHOCTSX - B BUJEe KaJbLUTA UM aparoHHUTA.
JTO MHUHepasbl C OJMHAKOBbIM XMMHYECKHMM COCTAaBOM, HO pa3/IMYHOE MPOCTPAHCTBEHHOE
CTpOeHUe 00yc/aBIMBaET UX pa3Hble GU3NUECKHE U XMMUYeCKUe CBOMCTBA [5].
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KT Kyc6epzenosa, A.C. Tynebekosa, H.T. ’Kymaduos

[Iponecc ocaxzeHUss KapboHaTa KaJbLdsl B MCKYCCTBEHHBIX YCJOBUAX COCTOUT U3
HECKOJIbKUX 3TalOB, BKJO4Yas oOpa3oBaHHe 3apojblllel, 3aTeM HX Npeobpa3oBaHUe U
NOC/JeAYIOIIMA POCT KPUCTANJIOB. B pe3ysbTraTe 3THX NPOLECCOB MOTYT 06pa30BbIBATHCS
pasavyHble GoOpMbl KapboHaTa Kajblys, BKJOYasg TpaHCcPopMupyeMble (KOTOpbIE CO
BpeMeHeM MOTYT U3MEHUTb CBOI KPUCTAJIMYECKYI0 CTPYKTYypy), HecTabusbHble (GOpMBI,
KOTOpbIE ABJISIOTCS HEYCTOWUUBBIMU U MOTYT IIpeTepPIeBaTh U3MEHEHUS B 60Jiee CTaOUIbHbIE
CTPYKTYpbl CO BpeEMeHeM) U CTabWJibHble (MpeAcTaBJjsAOLMe COO0W TepMOAMHAMHUYECKU
yCTOWYMBBbIe KOHQUTYpalUu KapboHaTa KaJblius), B 3aBUCUMOCTH OT YCJOBUH peakLUu
(HampuMep, poMOMYeCcKUH, aMOpPHBINA KaJbLUT, BaTepUT U Apyrue). Popma kapboHaTa
KaJbLiUsl, MOJIyYeHHas B pe3yJbTaTe MHUKPOOMHOJOTMYECKOTO0 HMHAYKTHUBHOTO MpolLecca,
MOXeT BJUATb Ha PuU3HNUeCcKHe XapaKTepUCTUKU OKOHYaTeJbHOro MarTepuasa. Hampumep,
HeKOTOopble GOpPMBbI MOTYT 00J1aAaTh 6OJibLIEN TBEPAOCTbIO UM YCTOWUYUBOCTBIO K CKATHIO
110 CPaBHEHHIO C ApyruMu [6]. Kpome Toro, ctabuibHble GOpMbl KapOOHATa KalbLiUsl MeHee
N0/ BEP>KEHBI N3MEHEHHUSIM CO BpeMeHeM, UTO JieJlaeT UX O6oJiee MIPOYHBIMU U YCTOMUYUBBIMU K
yCJIOBUSAM OKpY>Kallllell cpe/ibl, B TO BpeMs KaK HeCTabuibHble GOpMbI MOTYT NpeTepreBaTh
da3oBble MNpeBpallleHUs, YTO MOXKET MOBJUATb HA CTAaOWJIBbHOCTb M [OJITOBEYHOCTb
3aTBepzeBllIero MaTtepuasa. MeToJ, MUKPOOHO-UHAYLMPOBAaHHbIX KapOOHATHBIX OCA/KOB
(MHUKII), ocyumecTtBiasieMbld crneuquPrUUeCKUMU OaKTEPUSIMH, SBJSIETCI UHTEPEeCHOU
MCC/1el0BaTe/bCKOW TeMOM [IJIs1 yYEHbIX U UHXXEHEPOB YK€ HECKOJIbKO AeCATUNETUH. ITOT
MeTOJ, NpeJJiaraeT WHHOBAlLMOHHbIE peIlleHUs [AJis Pa3/IMYHbIX HWHKEHEpPHBIX NpobJjeM,
CBSI3aHHBIX C YeJI0BEYECKOM J1eITeJIbHOCThIO [7].

llenpto HacTosillero HcCJAef0BaHUS SBJISIETCS TMPOBeJeHWe aHalvu3a MpPUMEHEHUS
ypeosuTHYeCcKUX 6akTepui: Sporosarcina pasteurii, Bacillus pasteurii, Bacillus Cereus u
Bacillus Megaterium Ha ocHOBe JiydlIMX NpakTUK. OCHOBHas npo6JseMa B pacCMaTpUBaeMOU
texHosiorud MUKII cocTouT B onpesesieHUU nNapaMeTpoB, HEOOXOAUMBIX JiJIs1 YCTaHOBJIEHUS
nopsi/ika B3aUMOZEeUCTBUSA OaKTepul, TaKUX, KaK TeMIepaTypa, KOHLeHTPaLUsi MOYeBUHBI,
COOTHOILIEHHE UCII0JIb3yeMbIX 106aBOK U ONpe/ieJieHhe ONTUMaTbHOM BJAAXXHOCTH FPYHTA A5
pocTa 6aKTepuM U UX Ja/ibHelllIel peaKIiu.

2. AHa/IU3 ypeoJIMTUYECKUX GAKTEPHIi, MCNI0/Ib3yEeMBbIX IPH GUOLEMEHTALMU METOAO0M
MMUKII

[Ipy BbIGOpE MOAXOASALEr0 OAKTEPHUAJIBbHOTO areHTa /JJis MCIO0JIb30BaHUS B IMpoliecce
MHUKII cnepyet oTpaBaTh NMpeAnoyYTEHHE 3HA0CIOPOO6GPA3YIOIUM YPeas3onpoAyLHPYIOIIUM
6aKTepusM, KOTOpble 00J1a1al0T BbICOKMM NOTEHILIMAJIOM BbDKHMBAHUSA B LIEJOYHOU Cpejie U
YCTOMYUBOCTBIO K 9KCTPEMaJIbHbIM YCI0BUAM. C APYyrol CTOPOHBI, yCIeXy ypeoJUTHYeCKUX
6akTepuil B npouecce MUKII cnoco6cTBYOT Takue GaKTOPbI OKpy:Karliel cpeapl, kak pH,
pasMep M pacnpefie/ieHHe YacTUI, [0YBbI - TPYHTA, OCMOTHYECKOE JlaBJIeHHe, CoJlepKaHue
BO/bl U YCJIOBUS 00PabOTKH, TaKMe, KaK LLleMeHTUPYIOIUK pacTBOP, KOHLLEHTpaLus 6aKTepUuil
Y HaJIM4yMe NOJAXOASALMX NUTAaTebHbIX BellecTs [8].

Kpome Toro, cornacHo ucciaenoBanusiM Abdulaziz Dardau Aliyu u gp. [9], TemnepaTypa
UrpaeT BaXKHYIO pOJib B ypeoJinse, NOCKobKy npu 30°C cKOPOCTb pasJioKeHUs] MOUYeBUHBI
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noBbllaeTcs. OHAKO 3KCTpeMasibHble TeMIIEPATYPbl MOI'Y T HEFAaTUBHO BJIUATh HA aKTUBHOCTD
MHUKPOOHOM ypeasbl, a TaK:Ke Ha CKOPOCTb 06pa3oBaHUs U pacTBOPUMOCTb aHAo0cnop. Kpome
toro, npu pH Huxe 5,0 epMeHT MUKPOOGHOU ypea3bl MOXKeT HEOOPATUMO JleHaTypPUpPOBAaThCH.
Takke CTOMT OTMETUTb, UTO KOHILIEHTpalus Mo4yeBUHbI Bbille 0,75 MMoJb/1 MOXeT
HO/aBJATh YPEOJUTUYECKYI0 aKTUBHOCTb OaKTepUM, TaK KaK BbICOKAas TPaHCIOPTUPOBKA
MOYEBHUHBI 4Yepe3 KJETOYHYI0 MeMOpaHy MOXKeT MpPensiTCTBOBATh JAPYTMM KJIETOUHBIM
npoueccaM. B JaHHOM ucciej0BaHUM OblIM OTOOpPaHbI AeCATb 06pa3L0B MOYBbI - TPYHTA U3
BepxHero cjiosl Ha yyacTke Ladang 15 cesnbckoxo3saicTBeHHOTO $aKy/ibTeTa YHUBEPCUTETA B
Cesanrope, Manaisus. B Hayasie skcnepuMeHTa 06pasiibl MOYBBI - TPYHTA ObIJIM CMELIaHbI €
dusnosornyeckuM pactsopom, cogepxaiiuM 8,5 r/a NaCl B fucTuinpoBaHHON BoJie, 3aTeM
OBLIY MOATOTOBJIEHBI CEpUMHBIE pa3BeieHUs cycrieH3ui 06pa3noB (B 10 pa3 pa3baBJieHHbIE)
U KaXkJj0e pa3BeJieHHe ObLJIO IIOCEesTHO Ha arap ¢ Kap60HaTOM KaJsIbLiMs, COCTAaB UCCIeLyeMou
CMecH Mpe/icTaBJieH B Tabusule 1.

Ta6unna 1
CocTaB cMecH, HCII0JIb3yeMOM B Ucc/IeA0BaHUH [9]
NUTaTeJbHbIN arap MOYeBHHa NH4Cl NaHCO3 CaCl2 arap
3r/n 20r/n 10r/n 2,12r/n 25r/n 20r/n

KynbTypbl 66111 MHKY6UpOBaHbI Tpu TeMiepaType 28°C + 0,5°C u exkeITHEBHO OLleHUBAJIMCh
B TedueHUe 7 AHell. KosioHMH, OSIBUBILIMECS HA arape, ObLJIM 0OTOOpaHbl U llepecesiHbl Ha COCTaB,
cojepxauui 3 r/j nurateabHoro arapa, 20 r/ja mouyeBuHbl, 10 /a1 NH4Cl v 2,12 r/a NaHCO3.
B pe3ysibTaTe NpOBeAEHHbIX UCTIBITAHUH B I0YBE - FPYHTE GpepMePCKUX X03UCTB 0OHAPYKEHO
HaJlMyMe MeCTHbIX OaKTepui, CHOCOOHBIX MNPOU3BOAUTL ypea3dy. CpeAu uIeCTHAJALATH
M30JIITOB ypeosuTudeckux 6aktepuil Bacillus cereus u Bacillus paramycoides nposiBuiun
CaMy0 BBICOKYI0 aKTUBHOCTb ypeasbl U IPOJ0JIKaIu PacTy NpH Leao4HoM pH.

BmectecTeM,BapyromuccaesoBanuu[10] nanHbieyyeHbleoTMevaoT,yTo MUKIInpumensiet
IpPUPOJHbIE XapaKTEPUCTUKU GaKTepUi, KOTOpble MPOU3BOAAT ypeasy JJisl OCylleCTBJIeHUs
rM/IpoJiM3a MOYEBUHBI (ypeosin3a), Npoijs yepe3 psifi CJAOKHBIX OMOXUMUYECKUX peaKIui
npu popMupoBaHUU NpoaykTa. Bmecte ¢ Tem, MmeToa MUKII MoXkeT OBITh MCIIOJb30BaAH AJIs
pa3HbIX TUIOB FPYHTOB, BKJIIOYasd KpPyMNHble NpOCesiHHblE MeCKU U boJsiee Mesnkue. OfHaAKO
ero 3¢ $eKTUBHOCTb 60Jiee BblpaXKeHa [JIs1 KPYMHBIX U XOPOIIO MPOCessHHbIX ecKoB. Takke B
MCCJIeIOBAHUU OTMEYEHO, YTO KOJIn4ecTBO ocaxgeHHoro CaCO3 3aBUCUT OT pa3HOM CKOPOCTH
BbIPAaOOTKH ypeasbl pas3/IMYHbIMH LITaMMaMU ypeoJUTHYecKUX OakTepuil. Kpome sToro,
ycTaHoBJIeHO, 4yTO Bacillus cereus npesctaBsisieT co6oii 60J1ee NOAXOAAUIYI0 KaHAUAATYPY AJis
MCII0JIb30BaHHUS B KauecTBe KOMIIOHEHTa pu 6ruoleMeHTanuu coco6om MUKII.

B pa6ote [11] u3yuyeHa BO3MOKHOCTb MCII0JIb30BaHUS OMOYap-0aKTepU, MOJy4YEeHHbBIX U3
pPHCOBOM COJIOMBI IyTeM NHpoJin3a. Cbipbe 6b1JI0 MOJABEPTrHYTO cyliKe npu 60 °C 10 MOJHOrO
BbICBIXaHMUSl, MOCJE Yero ObLI0O U3MeJbYeHO [0 pa3Mepa, MPOMYCKAaeMOro 4yepe3 CUTO C
orBepctueM 0,15 MM. 3aTeM npousBeieH nuposans npu 300 °C B MydesbHOM NeYu B TeYeHHUe
2 4acoB MpU OrPaHUYEHHOM JOCTyIle Bo3JyXa. B 1esisix MHKYOALIMOHHOTO 3KCIepUMeHTa
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OblJIM MOATOTOBJIEHbI MeH3ypKHu co 100 r cyxoro rpyHTa, 3aTeM B KaX/blid o6pasel O6bLIO
Jno6apsieHo 0,694 mr moueBuHbl U 1,25 Mr CaCl2 gnsa aktuBauuu npouecca MUKII. Takxke
610 fo06aBaeHo 1 r 6uoyrasa (1% ot ob6uei Maccel) U 10 MJ1 pacTBopa GakTepui, mocie
4yero BCe TIATeJIbHO INepeMelluBasocb. KpoMe TOro, B 3KCIEpUMEHT BKJIOYEH TPYHT C
Jlob6aBsienueM 1% 6uovapa U rpyHT 6e3 KaKux-JM60 06aBOK. B pe3ysnbraTe HccieoBaHUs
MCIOJIb30BaHWE KOMOWHMPOBAHHOU CHCTeMbl OuO4Yapa W YpPeOJUTUYECKHX OaKTepuu
IpUBEJIO K 3HAYUTEJIbHOMY CHMIXKEHUIO COZep:KaHUs dKCTPAarupyeMoro BellecTBa B I'PYHTE
110 CPaBHEHUIO C OT/AEeJIbHBIMU CUCTEeMaMU 6Mo4yapa U 6akTepuid. Takxke ObLJIO 3aMeUY€HO, UTO
Jlo6aBJieHMe 6GaKTepUi NPUBEJIO K CHUXKEHHUIO TOABUKHOCTH B IPYHTE, YTO B UTOTe IPUBEJIO K
ero yKpeImJeHuI1o.

Masaharu Fukue, Zbigniew Lechowicz u apyrue [12] uccnefnoBany 6aKkTepuu B3sITble U3
aJIJIIOBUAJIbHBIX TpyHTOB AnoHuu B 2008 1., noKa3aBluIMe CX0ACTBO € Sporosarcina pasteurii Ha
93%.BKayecTBe peaKTUBOB UCII0J1b30BaJIMCh MOYEBUHA, XJIOPU/ KaIbLIUA, JUCTUIJIMPOBAaHHAsA
BOJla U aMMUa4uHbIl 6ydep. MakcrmanbHasg koHLeHTpanusa Ca2+ coctaBisia 1,0 M,aMoyeBUHaA
MCI0JIb30Basach B KOHLeHTpauuu 1,1 M, a Take MCHOJb30BaJICd aMMUAuYHbIA 6ydepHbIit
pactBop 20 MM. B 1aHHOM ucc/ie,0BaHUU MTOJIyYeHHbIE pe3yJIbTaThl CBUAETENBCTBYIOT O TOM,
YTO COZep>kaHHe KapOOHATOB yBeJMYMUBAETCS C POCTOM KOHLleHTpauuu pactBopa. C apyroi
CTOpPOHBI, ObLJIO OTMEYEHO, YTO yBeJMYeHUue KOHIeHTpauuu CaZ+ NpUBOAUT K CHUKEHHIO
coJiep>kaHHs KapOboHATOB M3-3a 3¢ dekTa 3aMmeaieHrsa. OHAKO Takasl 3aMe/JIeHHas peaKkLus
CIOCOOCTBYET YBeJHWYEHUI0 NPOYHOCTHM TPYHTA B CydasX, KOrja HeT He0o0XO0AHWMOCTHU
NI0JIy4eHUs pe3ysbTaTa B KODOTKHUE CPOKH.

['pynna ydeHnsix [13] BelpamuBanu Sporosarcina pasteurii B cpefie, coctosimet u3 20,0 r
ZApoxckeBoro akctpakTa, 10,0 r NH4 u 800 ma Tpuc-6ydepa B 100 M1 AUCTUNIMPOBAHHOM
BoAbl. Cpesa AJis KyJbTUBUPOBAaHUA OakTepuil co3zpaBasachk npu pH 9,0, yTo upeanbHo
NOAXOAUT JiJis1 pocTa S. pasteurii. [Iocsie 3TOro 6aKkTepuu nepeHoCcUu/Iu B 6yIbOH, HaX0 A LA CS
B UHKy0OaTtope, npu TeMnepatype 30 C u ganee BcrpsaxuBaau npu 200 06/MUH B a3poOHBIX
YCJIOBUAX B TeyeHHUe 3 JHel. Pe3ysbTaThl UCCIeOBaHUSA NT0KAa3aJu YBeJIUYeHHe TPOYHOCTHU
IrPyHTa, 00pabOTaHHOTO CHUAEPUTOM U BbICOKOMOJIMOAEHOBBIM KaJbIUTOM/OJIOMUTOM, IO
CpPaBHEHHUIO C TPYHTaMHU, 06paboTaHHBIMU KaJbLJUTOM/BaTEPUTOM U HECKETOHUTOM.

B pa6oTe [14] uccienoBaTe i NIPOBEJIU CEPUIO JIAOOPATOPHBIX MUCCJIEJ0BAHUU 10 U3YYEHHUIO
BJIMAHUA Sporosarcina pasteurii Ha TpyHT, 3arpA3HEHHbIM LIMHKOM, a TaKXe pacCMOTpeJH
CPOKHM TBep/leHUs], YCTAHOBUJIM 3aKOHOMEPHOCTb Pa3BUTHUS MHUKPOCTPYKTYpP U BbISIBUJIHU
MeXaHU3M CTabuIM3alnuy rpyHTa. [Ipy 3TOM rpyHT ObLJI B3SIT CO CKJIOHA Hape3HOro KaHaJja
B ceBepHOM CuHbL3siHe (KuTail), KyJbTypHas cpesia cOCTOsJla U3 MUTATeJIbHOr0 Oy/JIbOHA B
nponopuuu 20 r/a nuroc MmouyeBuHa ¢ pH 8,0, a uemenTupyomwuii pactop coctosa us CaCl2 u
MOYEeBUHBIL. 3aTeM B Te4eHUe 7 JHel B IPUTOTOBJIEHHOM pPacTBOpPe U3MePSIIK POCT OaKTepuH,
ypeasHyl aKTHBHOCTb U o06Opa3oBaHUe KasibLuuTa. OOHapyeHO, 4YTO MCHOJb30BaHHUE
MUKPOOHBIX O0CaZKOB KapOOoHaTa KaJibLUsl CYLIeCTBEHHO YyMeHbIIaeT KOHLEeHTpal1Io
pacTBOpeHHs] HOHOB LIMHKA B TPyHTe, 3arpsi3HEHHOM Zn, npuMepHo fo 20 mr/ia. Haubosee
3HAUYUTeJbHbIA 3QPeKT cTabUIM3aLuY 3arpsiI3HEHHOT0 IpyHTa, o6pabotanHoro MUKII, 6ygeT
JIOCTUTHYT IMPU CJEeAYIOIIUX YCI0BUSAX: BpeMs TBepJleHUs: 06pa3LoB 28 AHel, KOHIeHTpaLus
LIeMEeHTUPYIOLero pacTBopa 1 MoJib/J1 U COOTHOILIEHHME LIEMEHTHUPYIOIUX PacTBOPOB 1:2. ITH
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yCJI0BUA obeclieyaT HEOOXOAUMble MeXaHUYeCKHe CBOMCTBA, FepMETUYHOCTb U CIOCOGHOCTD
yAepKMBaTb TOKCUYHbIEe BellecTBa B IPYHTe, MCKJKYasd TeM CaMbIM HaHeCeHUs Bpeja
OKpYy»KawlieH cpege.

B crarbe [15] neMeHTUPYIOLKMKA pacTBOp 66T IPUTOTOBJIEH U3 CMECU MOYEBHUHBI U XJIOPUCTOTO
KaJblMda B COOTHoUeHUH 1:1 ¢ ucnosib3oBaHUeM Sporosarcina pasteurii. KoHLleHTpanya aTux
KOMIIOHEHTOB B pacTBOpe cocTaBJdga 1 MoJib/j. ModyeBUHA CJyKHWJIa UICTOYHUKOM a30Ta U
3HEepruu AJis 6aKTepuM, a XJOPU/J, KaJblUs - UICTOYHUKOM KaJblUs JJis npouecca MUKII.
PacTBopeHre MO4YeBHHBI B BOJe ABJAETCA 3HAOTEPMUYECKOM peakuuel, a pacTBOpeHHe
XJIOpY/Ja KaJbLYd B BOJe — 9K30TePMUYECKOM, I03TOMY Ilepe/i CMellIMBaHueM pacTBOPOB UX
He06X0AMMO OBbIJIO OTZAEJbHO OCTaBUTh /0 JOCTHXXEHHUA KOMHATHOM TeMIlepaTyphbl. JlaHHbIe
pe3y/bTaThbl yKa3bIBAIOT HA TO, YTO BJIUSHHUE TeMIlepaTypbl Ha pa3/InyHbIe IPOLLECChl MOXET
OBITb Pa3JIMYHBIM M He BCerJa O4HO3Ha4YHbIM. Takke BbISIBJIEHO, YTO CKOPOCTb 060pa30BaHus
CaCO3 u ckopocTb KoHBepcuU CaZ+ cHavyas1a yBeJIMYMBAKOTCA C IOBbILIEHUEM TeMIlepaTyphl,
BEpPOATHO, U3-32 aKTUBALIMM XMMHUYECKUX PeaKUHUH Y MOBBLIIIEHHON NOABUXXHOCTH MOJIEKYJI.
OpHako npu 60Jiee BBICOKMX TeMIlepaTypaxX CKOPOCTH 3TUX NPOLLECCOB HAUMHAOT CHUXKAThCH,
BO3MOXXHO, M3-3a YTOMJIEHUS WJIK leHaTypaluy GpepMeHTOB, OTBETCTBEHHBIX 32 3TU PeaKIUH.
C apyroi CTOPOHBbI, CKOPOCTb aAre3uu 6aKTepUi MOCTOSIHHO YBeJMYMBaJach C OBbILIEHUEM
TeMIlepaTypbl. ITO MOXET OBbITh CBA3aHO C U3MEHEHHEM IOBEPXHOCTHBIX CBOMCTB OaKTepUU
WJIA C TOBBILIEHHOW MOJBUXXHOCTbIO MOJIeKy/J OakTepuil. CKOpPOCTb MOIJIOLIEHUS] BOZbI
CHM)KAeTCsd C MOBBbIIIEHWEM TeMIlepaTypbl, YTO MOXET OBbITb CBA3aHO C HW3MeHEHUEM
du3MYecKrx CBOUCTB BOZbl. BoJiee BbIcOKast TeMIepaTypa MOXeT CIIOCOGCTBOBATb OBICTPOMY
UCIIAapEHUI0 BOJAbI W/ HU3MEHEHHUIO ee BA3KOCTH, YTO 3aTpPyAHsAEeT IOIVIOLleHHe BOJB.
Kpuctannbl CaCO3, o6pa3oBaBiivecs NpyU pasHbIX TeMIlepaTypax, MOTYT UMETb PA3JUYHYIO
CTPYKTYpy W pa3dMep. OcaZiky kKapboHaTa KaibLiMs 3al0JIHAIOT IYCTOThI MeXAY YaCTULLAMHU
necka, 3¢PpeKTUBHO yMeHbIIasgd KO3QPULHEHT NYCTOTHOCTU U YIJIOTHSASA MeCYaHbIM TPYHT.
JTO TaKKe CHUXKAeT 3PO3UI0 U OKa3bIBAET M0JIOKUTEJIbHOE BJIUAHUE Ha OKPYKAIOILYIO Cpesy,
TaK KaK fIBJIIETCS €CTECTBEHHBIM U 3KOJIOTUYECKH YUCTBIM METOZ,0M YJIy4IlleHUs Pa3/JIMYHbIX
reoTeXHU4YeCKUX CBOMCTB IPYHTa.

B uccienoBanu [8] ycTaHOBHUIIM, YTO B CPAaBHEHUHU C OObIYHBIMU METO/IaMU XMMHUYECKOTO
[leMEHTHPOBaHUs], IpUMeHeHUe 0aKTepHUil U LeMeHTHUPYIOLUX PAaCTBOPOB MO TEXHOJIOTHUU
MUKII xapakTepusyeTcs 6o0Jiee HU3KOM BS3KOCTbIO. JTO o06JerdyaeT NPOHUKHOBeHHUE S.
pasteurii B r'pyHTOBBbIe MaTepHaJibl, 103BOJIAS OCYLIECTBJATH OoJsiee IIy60OKOe U IJIOTHOE
neMeHTUpoBaHue. KpoMe Toro, marepuasnsbl, yJjay4lleHHble ¢ wucnosb3oBanueM MMUKII,
00J1aZlal0T COXpaHeHMEeM BbIJAIOLIMXCA MeXaHWYeCKUX M THU/JpaBJIHYeCKUX CBOMCTB,
YTO NpHUJAAEeT UM HNPOLOJDKUTE/IbHYI [0JroBedHOCTb. OCHOBHBIM 3JIEMEHTOM IIpolecca
bepMeHTaTUBHOrO THUJPOJM3a MOYEBHHBI ABJSAETCA KaTaJlu3aTOpHUyecKkoe BO3JeUCTBHe
ypeasbl, BblpabaTblBaeMOW oOIlpeJieJieHHbIMKM LITaMMaMu 6GakTepui. Ilpeamnosaraercs,
YTO CpeJM BCex GaKTepHaJbHbIX IITAMMOB, CIIOCOOHBIX CHHTE3UMpPOBaTh ypeasy, OakTepus
Sporosarcina pasteurii, u3BJeYeHHass U3 TpPyHTa, fABJAeTCd Haubojiee aKTHUBHbBIM
KaTaJIM3aTOPOM I'MApOoJIM3a MOYeBHUHBL [10 cpaBHEHHUIO ¢ JpYyrMMU lITaMMaMH Sporosarcina
pasteurii o6JsiafjlaeT GoJsiee BBICOKOHW ajanTalded K OKpyxKawluleil cpene. Kpome Toro, y
Sporosarcina pasteurii oTMedaeTcs BbICOKasg NMPOU3BOAUTEJNBHOCTb U 3(PEKTUBHOCTH B
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NpOM3BOJACTBE KapboHaTa KaibLus. [Ipy 3TOM oOGpa3zoBaHHe YIJIEKUCIbIX OCaJKOB MOXET
ObITb pe3yJbTaTOM pa3HOOOpPA3HbIX OHWOJIOTUYECKUX WM OHOMHHepaJU3aluOHHbIX
IpOLeCCOB, TAKUX, KaK YpeoJiu3, JeHUTpudukanus, cyabdaTpeAyKLUA U KeJle30peAyKL U
depMeHTAaTUBHBIN MpOLECC THMAPOJIM3a MOYEBUHbI NpHUBJIEKaeT 0co0b60e BHHMaHHE H3-3a
ero BbICOKOW 3Hepro3p¢PeKTUBHOCTH, HEBBICOKOM CTOUMOCTH, BO3MOXXHOCTH KOHTpPOJIS
peakUMyM U NPOCTOTHI Mpolecca cemapanuu U cbopa NpoAyKToB. B 4dacTHocTH, Koresus
IPYHTa yBeJWYHUBaAeTCs 6J1arofaps LeMeHTalluy 4acTHUL, TPyHTa KapOOHATOM KaJbLUs, YTO
npenoTBpallaeT BO3MOKHOCTb ee pa3pbIXJIeHus .

BmecTe c TeM, uccaenoBaTe iy [6] oTMeYaloT B CBOEM paboTe, UYTO epPeHOC U paciipe/ieieHue
ypeosuTHu4YecKux S. pasteurii B HaCbhIL|eHHBIX NTeCYaHbIX KOJIOHKAxX 3HAYMUTEJbHO 3aBUCAT OT
XUMUUYECKOI'0 COCTaBaBO/bl, CKOPOCTH NOTOKA, IJIOTHOCTH OaKTEPHUI M BpEMEHHU, TPOBELEHHOTO
O6aKTepusIMU B TpyHTe. ITa 3aBUCMMOCTb NPUJAET BbICOKYIO CTENEHb CJI0XKHOCTH MPOLEeCcCy
nepeMelleHUs U yAepXKaHUsi 6aKTepuld B peasibHbIX MOJIEBBIX YCJIOBUSX KaK BO BPEMEHH,
TakK U B IPOCTPaHCTBe. B cBeTe 3TOro, npejcraBjieHHble pe3y/bTaThl TaKXKe YKa3blBalOT Ha
BO3MOXXHOCTb CHMXKEHHUSA UCIO0JIb30BaHUA S. pasteurii myTeM yBeJM4eHUs CKOPOCTH MOTOKA.
JTOo O3HauyaeT, YTO yYMEHblLIEHHWE KOJIMYeCcTBa OaKTepHHl B TOYKEe 3aKayKh MOXEeT ObITb
JIOCTUTHYTO NMyTEeM YBeJUYEHUSI CKOPOCTHU NMOTOKA B JAHHOW TOYKe. ITO 0COOEHHO BaXKHO,
YYUTHIBAs, YTO B YCJOBUSIX PaJUAJbHOTO MOTOKA CKOPOCTb OGAKTEpUW 3KCIOHEHIUAJbHO
yMeHbUIaeTCs C yBeJIMYeHUEM PACCTOSAHUSA OT TOYKHU 3aKa4KH, YTO IPUBOJUT K peMOOUIM3aL U1
6aKTepui TOBKO BOJIN3U CKBaXKUHBI. Tak:ke BO3MOXKHBI JipyTye MOJX0/bl, TAKUe, KaK ojada
HeO6O0JIbILIOr0 UMITYJIbCA BO/Jbl C HU3KUM YPOBHEM MH/IEKCA HACBIILLEHHOCTHU /11 MOOUJIN3al MU
Sporosarcina pasteurii B o06beMe, HENOCPeACTBEHHO OKpYXKalollleM HarHeTaTeJbHYIo
CKBaxkuHY. Hapsaly ¢ 3TUM, B JaHHOM UCC/IeIOBAaHUH ObLI0O BbISIBJIEHO, UYTO BBEJlEHUE pacTBOpa
CaCl2 c koHueHnTpanuen 0,5 M, kak 3T0 06BIYHO MPAKTUKYETCS B CTPATErUSAX MUKPOOHUAIbHO-
MH/AYLUPOBAHHOTO LleMEHTUPOBaHUA (B YaCTHOCTH, B COCTaBe I1eMEHTHUPYIOLEr0 pacTBOpPa),
CHOCOOCTBYET CTAOMJM3alMU IpeJBapUTeJbHO BBEJEHHbIX OaKTepul. ITO NpOSABJSETCS
B OFpaHUYEHHUU MOBTOPHOrO 3axBaTa KJIETOK. B NpOTHBONOJIOXXHOCTb 3TOMY, BBeJ€HHE
JlEMOHM3UPOBAHHOM BO/Ibl C TOpa3/io 60Jiee HU3KOW MOHHOW CUJIOW NPUBOJUT K HaCTUYHOMY
paciiensieHuto S. pasteurii. BMmecrte ¢ Tem, fJaHHOe uccief0BaHUe HHPOPMUPYET O cocobax
3¢ PeKTUBHON JOCTAaBKU YKa3aHHOU OAaKTepUHU B IOPUCTHIE CPeJibl.

Kpowme sToro, cornacHo pabote Charalampos Konstantinou and Yuze Wang [16], dakTopamy,
BJIMAOIIMMHU Ha pe3y/bTaT MCCJIe[0BaHus, IPOBELEHHOr0 C UCIOJIb30BaHUEM Sporosarcina
pasteurii MmetogoM MMUKII, 4BaAOTCA KOJMYECTBO XUMHUKATOB, NapaMeTphbl OKpyXKalollen
cpeZibl 1 CBOMCTBA IPaHyJIMPOBAaHHOW CeTH, T.K. O0JIbIIOE KOJWYECTBO YaCTUL, B 3aJJaHHOM
06beMe NPUBOAUT K YBEJIMYEHHUIO YHCJIa TOYEK KOHTAKTA, YTO B UTOTe CHUXKAeT Harpy3Ky Ha
KaXkayto dyactuly. Eile ofHUM BBIBOAOM UCC/I€J0BAHUSA SIBJISIETCH TO, YTO CPeJHUN AMana3oH
ONTHUYECKUX MJIOTHOCTEN CIOCOOCTBYeT 6oJiee 3GPeKTUBHOMY ClielJieHUIo yacTull. [lomumo
TOTO, B CTaTbe 006CYKJal0TCcsl MP06JIeMbl UCNI0JIb30BaHUs S. pasteurii /15 pelieHUs1 Npo6JieM
peKyJIbTUBALMU NOJ3€MHBIX BOJI, @ TaK)Ke CEKBECTPALMU 3arpsi3HA0IUX BellecTB. [Ipu aTom
TSKeJIble MeTaJlJIbl MOTYT ObITh yJasieHbl ¢ noMoibio MUKII yepes npornecchl 6Mocopbuuy,
COBMeCTHOTO0 ocaxkJeHus ¢ Ca2+ uiu c o6pasoBanuem ocaakoB CaCO3.

B uccienoBanuu [5] NpoBOAUJINCH UCNIBITAHUS aJI€BPUTOBOrO IPyHTA C UCMOJIb30BaHUEM
6akTepuu Sporosarcina pasteurii B 11eJ1sIX OLleHKY IPOYHOCTU I'PYHTA Ha CABUT U ONIpe/ie/IeHus
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ONTUMAJIbHOM BJIQXKHOCTH, MPU KOTOPOU T'PYHT MOXKET ObITh MaKCHMaJIbHO YIJIOTHEH.
BakTepuu Sporosarcina pasteurii 6blIM BbIpallleHbl Ha >KUJKOM NHUTAaTeJbHOM OYJbOHE C
pery/asipHbIM BCTpsiXUBaHUeM. BMecTe ¢ TeM, /iyil ob6oraiieHusi KyJbTypbl UCIOJIb30BAIHCh
KaTUoHbI Kasiblus (Ca2+) B dopme CaCl2 2H20. PacTBop c 6aKkTepusiMHU J106aBJISIJIU IOCTENIEHHO
B FPYHT, paclblisis ero B HeOO/bIINX KOJUYECTBAX, U 3aTEM TIATeJbHO MepeMelluBaiu. B
pe3y/ibTaTe MOJYYUJICS MaTepraJsl C ONTUMaJbHOM BJIAXXHOCTbIO, U3 KOTOPOTO GpOPMHUPOBAIU
o6pa3iibl B popMe HUAKMH/ApPA BbicoToU 80 MM U luamMmeTpoM 38 MM. Pe3ysibTaThl IPOBEAEHHbIX
VCNbITAaHUM yKa3a/id Ha CIIOCOOHOCTb MOBBILIEHHS] NMPOYHOCTU rpyHTa A0 50%. Hapsaay c
3THUM, C/leJIaHbl BbIBO/ bl 0 BO3MOXXHOM M CI10/1b30BAHUU MOJIOUHBIX OTXO/I0OB U MJ1a LIEMEHTHbBIX
neyel B KayeCcTBe ChIpbs /151 IPOU3BOACTBA OAKTEPHUH, UCII0JIb3yEMbIX [Jis1 OMOLlEMEeHTALMH.

B cratbe [17] paccmoTpeHo npuMeHeHue Bacillus pasteurii, npuo6petenHoii B lllanxakickom
eHTpe cbopa 6uopecypcoB (KuTaii), co cneyomiuMyu KOMIOHEHTAMHU: MOYEBHUHA, TPUIITOH,
NeNnTOH, XJOPUJ, HaTpus, MOPOIIOK arapa 4 BoJa B COOTHOILIEHUSX, YKAa3aHHbIX B TabJIHIle
2. B xoje 3kcnepuMeHTa OblI MPUMEHEH METOJ IO3TAlHOTO BBeJEHHUS, NMPU KOTOPOM
6aKTepUaIbHbI pacTBOP HAHOCUJICSA U BblEP:KMBAJICA B TedyeHHe 3 4acoB, Jlajiee pacTBOP
Jlo6aBJIeH B LlEMEHTHUPYIOLLYI0 CMECh YeThIpe pa3a c UHTepBasioM B 16 yacos. [locie nocnenHero
HaHeceHUs GaKTepuaJbHOT'0 PacTBOpPa LIEMEHTHUPYIOIIMNA pacTBOP ObIJI HAaHECEH ABaX/bl. [1o
UTOraM NOJIHOTO MPOHUKHOBEHHUSI pacTBopa 06pasibl NPOMbIThHl YMCTOM BOLOW TPU pasa C
O/IMHAKOBOM CKOPOCTbIO, YTOObI 3aBEPUINTh PeaKIUI0 MUKPOOHUATbHOTO UHAYLIMPOBAHHOIO
KapOOHATHOrO OCAX/JEHUS U YAAJUTh NOOOUYHBbIE NPOAYKTHI 3TOr0 Mpouecca. B pe3ynbraTe
3KCIlepMMeHTa INpeJACTaBJeH HOBBIM MOAXOJ K YKpeIJIEHHWI0O 30JI0BOTO IMecKa IyTeM
KOMOWHAMU 06a3a/JbTOBOTO BOJIOKHA U TEXHOJOTMH MHUKPOOHOTO OCaXJEeHHUS KasbIUTa.
JlaHHBIM MeTOo/| B OlNpeJie/IeHHOW CTeNeHU YBeJUMYUBaeT MPOYHOCTh MEeCKa, 3aTBEP/EBIIEr0
noJ, BO3/leiCTBMeM MUKPOOPTaHU3MOB.

Ta6suna 2
CocTaB cMecH, UCNI0JIb3yeMOH B UCC/IeA0BaHUU [17]
MOYeBHHaA TPUNITOH MEeNnTOH XJIOPU/L Ha- HOPOLIOK BOJiA
TpUs arapa
20r/n 15r 5r 5r 20r 900 M1

BakcneprumenTe[18]M3yvyanocbyKpeneHUePhIXJIOTONeciaHOrOrPyHTaCIOMOLIbIOYpeassl,
IpPOM3BOJAUMON C MCIIOJIb30BaHKWEM Sporosarcina pasteurii, /11 ocax/JeHUss 6MOMUHePAJIOB,
apidwlMecs ¢gopmMaMu ¢QepMmeHTauuu. I[lpy 3TOM MexaHMYeCKHe XapaKTEpPUCTUKHU
IecYaHoro CToJsiba ObLIM OLeHEHbl C MCIOJIb30BaHUEM CYXOW IJIOTHOCTH, Ko3dpduireHTa
IPOHUIIAEMOCTH, CoZiep>KaHus Kap6oHaTa Kanbluusa U UCS. B kauecTBe UCTOYHUKA KasbLuUs
OBl WCHOJIb30BAaH aleTaT Kajblysd, NPOW3BOAUMBIN W3 JelleBbIX OTXOJ0B HM3BECTHSKA, a
Tak»e 5 r/j nentoHa u3 cou, 15 r/n nentoHa us kaseuHa, 5 r/ja NaCl u 20 r/n1 MoYeBUHBI,
Jlajiee cMeCb KyJIbTUBUpOBaJach B TedeHHUe 24 4acoB. 3aTeM 0CaJioK, NMOJy4eHHbIH mocje 5
MUH neHTpudyruposanus npu 8000 06/mMuH, 106aBas11U B cpefy A epmenTauuu (pH 8,0),
coctosiyto u3 15 r/a nentoHa u3 cou, 30 r/y nopoiika KyKypy3Hoi MsikoTH, 3 r/n1 NaH2P0O4
v 10 r/s1 MOYeBUHBI, U aJiee KyJbTUBUPOBAJIU B TeueHUe 48 yacoB. CoryiacHO NpoBeIEHHOMY
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aHaJIM3y, OblJIY ONpe/iesieHbl ONITUMaJIbHble YCJI0BUS NPOLiecca U3BJieueHUs aleTaTa KaabLus
Y3 U3BECTHSAKA U YKCYCHOM KUCI0ThI. TeMIlepaTypa peakuuu coctasJsaa 55 °C, cooTHolIeHue
MeX/Jy TBepAod U KUAKOW ¢as3aMu paBHsIOCh 1:14, a [A03UPOBKA YKCYCHOM KHUCJIOTHI
coctaBJsna 163%. [Ipy Takux yc/a0BUAX OB JOCTUTHYT BbIXO/, alleTaTa KaJbLius B pasMepe
96,81%. OT™MeYaeTcd, YTO U3BECTHAK LIMPOKO JOCTYIIEH U UMeeT HU3KYIH CTOUMOCTDb, IpU4YeM
3aTpaThl IPU UCII0JIb30BAHMHU €Tr0 B Ka4yeCTBe UCTOYHHUKA Ka/lbLiusA cHUkKatoTcA Ha 31,87% mno
CPaBHEHMIO C XJIOPUJOM KaJIbLIUA. JKCIIEPUMEHTaJIbHble Pe3y/JbTaThl TAKXKe NOATBEePXKIAI0T,
YTO M3BECTHSAK UJea/IbHO NMOAXOAUT B KauecTBe UCTOYHHMKA KaabLus 44 TexHosorun MUKII
IIPYU UCI0JIb30BAHUH [TIeCYaHO-TBEPZOrO0 MecKa.

3. PesysTaThl

B 1esoM pe3ynbTaThl HUCHOJIb30BAHUS YPOJUTHYECKHUX OAKTEPUH B UCCIAEJOBAHUAX
nokasayiu 3¢PeKTUBHOCTb UX NMPUMEHEHHs B INpoliecce GUOLEeMEHTALMK IPYHTA, IPHU 3TOM
yBeJIMUEeHHE KOHIEHTpALMU XJIOpHJa KaJjbLUs BJHSIET HAa POCT KapOOHATOB KaJbLiUs.
Hapsigy ¢ 3TuM, cliesaHbl BbIBOJbI O BO3MOXXHOM HCII0JIb30BAaHUM TAKHUX JIOMOJHHUTENbHbBIX
KOMIIOHEHTOB, KaK Ouo4ap-6aKTepHuH, OGHUOYToJib, COSl, JAPOMXIKEBble I3KCTPAKTHI, a TaKXKe
MOJIOUHbIe 0TX0Abl. O61He pe3yabTaThl IPeACTaBIeHbI B TabHIe 3.

Ta6suna 3
Pe3yabTaThl UCCAEeA0BAaHUN

ABTOpBI cTaTbu Hcnosab3ye- Kommo- PesyabTaT
Mas HEHThI uccae0BaHusA
6aKkTepus uccaenye-
MOH CMecH
UccnepoBanue 1 Bacillus HNUTaTeNb- | JJIEKTPOHHO-MUKPOCKOIIMYECKHE U300paXKEHUsT MOJ-
[9] cereus, HbIH arap, | TBepAuJH, yTo ocaxkaeHHbIA CaCO3 Kak c McnoJib30Ba-
Bacillus MOYEeBHHa, | HUeM B. cereus, Tak u c npuMeHeHneM B. paramycoides
paramycoides | NH4C], Ipe/iCTaBJIeH B BUJle CIPYNIIMPOBAHHBIX KPUCTAJLJIOB.
NaHCO3, |HWHTepecHO OTMETUTh, YTO arJioMepUpOBaHHbIE KPH-
CaClz, ctaaabl CaCO3, obpasoBaHHble B. paramycoides, Ha-
arap INOMHHA/IM KPUCTAJLIbI, BblpabaTbiBaeMble B. cereus.

O4eBHUAHO, UYTO 3TH KPUCTA//Ibl 06pa30BaIUCh BCAE]-
CTBUe U30bITKA BellleCTB B IPUT'OTOBJIEHHOH cpeJie, Iie
6aKkTepua/bHasl KJeTOYHas CTEHKa C/IyKUJa MeCTOM
JUIsl Havasla KpucTa/iu3auuu. B Buay toro, yto mpo-
Lecc 06pa3oBaHUs arJlOMepUpPOBaHHBIX KPHUCTaJJ/I0B
CaCO3 BkJIIOYAET HYKJIEALMI0 U POCT YXKe CYLIeCTBY-
IOLIMX KPUCTAJLJIOB, 3TO IPUBOAUT K 06pa3oBaHuUI0 60-
Jiee KpynHbIX KpuctannoB CaCO3. Takxke ycTaHOBJIeHA
cnoco6HocTh B. cereus u B. paramycoides BbixUBaTh
Ipu LiejJo4HoM pH, a Takke UX BBICOKYI0 YpeasHYIo
aKTUBHOCTB, YTO CIIOCOGCTBYeT BbINMaJEHUI0 OCajAKa
Kap6oOHaTa KaJbLUs.
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HccnepoBaHue 2 Sporosarcina | Mo4eBHU- OcHoBbiBasicb Ha Teopuu MHUKII, wuccaenosatenu
[11] pasteurii Ha, CaCl2, |paspaborasu ¥ NPOTECTUPOBaIM cucTeMy 2B, coue-
6uoyroJib, | Tatouyo B cebe 6uoyap (B) u 6aktepun (B), 4T06HI
pacTBop HU3yYUTb ee CHOCOOHOCTb 3QPEeKTUBHO YAepKUBAThb
6uo- NUTaTe/bHble BellecTBa B o4Be. [I[puMeHeHue cucTe-
yap-6ak- | Mbl 2B mpuBesio K 3HAUUTEJbHOMY YJIYULIEHUIO IJ10-
Tepui JlOpOJiMs TOYBBI, MOBBIIIEHUIO YPOBHS ypea3bl B HeH,
a Takxe ee 6aKTepHUalbHOMY pa3Ho0bOpasuIo. Ypeasa 1
NH4+-N okasanuch KJI04YeBbIMUA GAKTOPAMHU, BJAUSAIO-
IIMMH Ha COCTaB U pa3HooOpa3ue 6aKTepUil.
UccnepoBanue 3 Sporosarcina | MoueBHHa, | B xo/ie ;aHHOT 0 KCC/IeJOBAHUSA ObLIO OGHAPYKEHO, YTO
[12] pasteurii XJIOPHU/T ypOBeHb Kap60HATOB B paCTBOPE YBEJIUUYUBAETCH B pe-
KaJbLUsl, |3y/JbTaTe yBeJUYeHUs KOHLEeHTPaL U XJI0puJa Kajb-
JUCTUII- yus. OHaKo Tak»Ke GbLJIO 3aMeY€eHO, YTO YBeJUYeHH e
JIUpOBaH- | cogepxkaHus CaZ+ MPUBOAUT K YMeHBbLIEHUIO COJep-
Has BoJa |>KaHUsl KapOOHATOB M3-3a 3aMejJsieHHoro 3ddekTa.
Y aMMHU- TakuM o6pasoM, 3TO sIBJIeHHWE pacCMaTpUBAeTCs KakK
AYHBIN yCKOpeHHe mpolecca 3arpy3ku CaZ+, mo3BoJigmwollee
6ydep omnpeJie/IMTh 3aBUCUMOCTb pocTta KpuctaioB CaCO3
oT copepxanus Ca2+.
UccnepoBanue 4 Sporosarcina | apox- Pe3y/bTaThl NPOJEMOHCTPUPOBAJIH yBEJIUUEHHE TPOY-
[13] pasteurii *KeBOH HOCTH T'PYHTa, 06pabOTaHHbIX CUAEPUTOM U KaJbIU-
3KCTPAKT, |TOM/JOJIOMUTOM IO CPAaBHEHHIO C TPYHTaMHU, 06pabo-
NH4, TaHHbIMU KaJbLIUTOM/BaTEPUTOM KW HECKErOHUTOM.
Tpuc-6y- | BmecTe c TeM, ycTaHOBJIEHbl pa3/iMuMsl B pa3Mepax
dep, nu- KPUCTaJIJIOB, UTO, B CBOIO OYepesib, BIAUSET HAa UHXKe-
CTUJLIIU- HepHble CBOMCTBa 06pa3uoB, o6paboranHbix MUKII,
poBaHHas | Takve, KaK IPOHHULAEMOCTb, }KECTKOCTb U MPOYHOCTb.
BOJIA PasnuyHble KapO6OHATHBIE MUHEPAJIbI OCAXKJAIUCH ITY-
TeM J06aByieHus MoHOB Fe2+, Mg2+ u CaZ+ k pacTBo-
pam kap6oHaTHbIX HOHOB (CO3 2-).
HUccnepnoBanue 5 Sporosarcina | nuTa- O6Hapy>eHOo, YTO UCNOJIb30BaHHE MUKPOOHBIX 0Caji-
[14] pasteurii TeJbHBI | KOB KapOOHaTa KasJbLUf CyLleCTBEHHO yMeHbllIaeT
Oy/bOH KOHIIEHTpAIUI0 PACTBOPEHHUs HOHOB I[MHKA B 3arpss-
B BU/JlE HeHHbIX rpyHTax. O6paboTKa ocaZKoB KapbGoHaTa
MOYEBHHBI | Ka/IbI[Usl, BbI3BaHHAsI MUKPOOPTaHU3MaMH, U3MEHSIET
cpH 8,0,a | cooTHomEeHre HampskeHUs U AedopMalUu 3arpss-
[leMeHTHU- | HEHHOW IOYBBI OT CJabopa3MsryeHHOro A0 CUJIbHO-
pyoouuyii | pasaMsArdyeHHoro tuna. [IpoyHocTh Ha cxaTue 06pabo-
pacTtBop TaHHBbIX 00Pa310B yBeau4uaach Ha 187,2%~550,5%.
COCTOSN Kore3us 06paboTaHHbIX 06pa3L[0B UMeeT 3HAYUTEIb-
n3 CaCl2 ¥ | Hy1O TEHJEHLHUIO K YBEJUYEHUIO, B TO BpEMS KaK yroJ
MOYEBUHBI | BHYTPEHHET0 TPEHUS OCTAeTCs OTHOCUTEJbHO CTa-

6uabHbIM. 06paboTKa OCaZKOB KapboHaTa KaJibIlus,
BbI3BaHHAsi MUKPOOPTaHU3MaMH, MOXKET YCUJIUTb Me-
XaHUYeCcKHue CBOMCTBA MOYB, 3arpsi3HEHHbIX MOHAMHU
[[UHKa.
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HccnepoBanue 6 Sporosarcina | moueBuHa | CKopocTb o6pa3oBanus CaCO3, ckopocTh npeo6paso-
[15] pasteurii U XJIO- BaHUs CaZ+ M MPOYHOCTh Ha CKaTHUeE 6e3 OTpaHUYEHUS
pHUCTBIN CHayaJ/ia yBeJIMYMBAIOTCs], a 3aTeM YMEHbIIATCA € [0-
KaJbLUH | BbllIEHHEM TeMIlepaTyphbl UCIOIb3yeMOU CMeCH.
Munepasibl CaC03, o6pazoBaBmuecs npu 20°C, 66111
B OCHOBHOM 3€pPHUCTBIMH, C MaJIbIM pa3MepoM KpHu-
CTaJIJIOB U He UMeJH PUKCUPOBAHHOU MOPQOJIOTHH.
Munepanbl CaCO3 ob6pasoBaBuuecs npy 30°C, 661U
B OCHOBHOM KYOHUYECKMMH, a pa3Mep KPUCTaJIJIO0B 6bLI
6osbinM, yeM npu 20°C. [To cpaBHeHuto ¢ CaCO3, 06-
pa3oBaBUIMMCSI NPU KOMHATHOU TeMIlepaType, CKO-
myieHre CaCO3 6b110 GoJsiee IJIOTHBIM, @ 3a30p MEXAY
COCEeIHUMHU YaCTHULAMU NecKa ObLI MeHbIle, YTO MO/ -
TBepXKJaeT 60Jiee IJIOTHYIO CBSI3b MEX/y YaCTHULAMU.
UccnepoBanue 8 Sporosarcina | nuTa- JlaHHoe rccae0BaHusl NOATBEPAUIO IKOJOTHUECKYIO
[5] pasteurii TeJIbHBIA | 6e30MaCHOCTb TEXHOJIOTUM YJIYYLIEHUS MOYB MyTEM
Oy/IbOH, MHUKII. BmecTe c TeM, pe3y/ibTaThl NPOBEeJEeHHBIX UC-
KaTHOHBl | OBITAHUW MOKa3a/{d MOBbIIIEHHE NPOYHOCTU IPYHTA
Ka/IbLIAs ¢ fo6aByieHHeM Sporosarcina pasteurii go 50%. Tak,
B 4acTHOCTH, npu Harpyske 200 kH Hecyuas cnoco6-
HOCTb IpyHTa cocTaBuaa 34,5%, [1/11 eCTeCTBEHHO Lie-
MEHTHUPOBAHHOIO0 rpyHTa - 29,3%), a A/15 6uocTabuu-
3WpoBaHHOrO - 18,8%.
Uccneposanue 9 Bacillus TPUNTOH, |BpaccMoTpeHHOM Hccie0BaHUY IpeCTaBIeH HOBBIN
[17] pasteurii HEMNTOH, MOJX0/J, K YKpeIlJIEHHUIO 30JI0BOT0 IecKa MyTeM KOMOU-
XJIOPU/ Hal MU 6a3a/1bTOBOr'0 BOJIOKHA U TEXHOJIOTUU MUKPO6-
HaTpus, HOT'0 OCaXKJeHHUs KajbLuTa. KpoMe Toro, Kpucrasiibl
nopowok | CaCO3 npogeMoHcTpupoBaid 3PpPeKThl LeMEHTUPO-
arapa, 6a- | BaHMS$, 3alloJIHEHUS M 3akKpemsieHUs. KoadpouuueHTt
3aJIbTOBOE | Hecyllel ClIOCOGHOCTH 30JI0BOT0 MecKa MOBbIIAJICS C
BOJIOKHO, |yBeJIMYeHHEeM CYXOW IJIOTHOCTH, a HIPOYHOCTb 06pas-
OYHIIEH- LOB NpU ucnoJyb3oBaHuM Bacillus pasteurii B kosu-
Has BoJa u | yecTBe 1,5 r/cM3 6blia 3HAUUTENbHO HUXKE, UEM NIPU
MoyeBHHa | 1,6r/cM3.
UccnepoBanue 10 | Sporosarcina | menToH B sakcnepuMeHTe 1o $UKcAL MU NecKa C TPUMeHEHHEM
[18] pasteurii U3 CoH, MUKII v u3BecTHsIKA B KA4eCTBEe UCTOYHUKA KaJbLUs
NEeNTOH U3 | MeXaHUYeCKUe [0Ka3aTesJu COoJep:KaHHUs KapOoHaTa
KaszeuHa, | KaJblHs, CYXOW MJIOTHOCTU YU KO3pdULeHTa IPOHU-
NaCl 1 Mo- | TaeMOCTH MecYaHOTO CT0JI6A ObLIU JIy4Ille, YeEM Y 06-
YyeBHUHA pasLoB € XJOPUAOM KajbLus. ITO 00'bSCHSETCSA pas-
JIMYUEeM KpHUCTa/IMyeckux ¢a3 kapboHaTa KajbLius,
MPOU3BOJHMMOr0 MUKPOOPraHU3MaMH B pa3HbIX MUTa-
TeJIbHBIX Cpe/iaX, YTO NPUBOAUT K pa3HOU NPOYHOCTH
LleMeHTallul MeX/Jly KapboHaTOM KaJbLysl U 4acCTH-
amMu necka. CorsiacHO aHa/M3y NOJIyYeHHBIX B X0Jie
HCOBITAaHUS JAHHBIX, ONTHUMAaJIbHblEe YCJIOBUS MpPO-
Ijecca U3BJIeYeHHUs aleTaTa KajbLUs U3 HU3BECTHSKA
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Y YKCYCHOU KUCJIOTHI ObLJIU CJIeAVIOUIUMU: TEMIIEPATY-
pa peakuuu coctasJsaa 55°C, cooTHollIeHHe TBepIoH
Y kUKol ¢as 66110 1:14, 103UpPOBKA YKCYCHOU KHC-
JIOTBI cocTaBJsia 163%, a BbIXoJ, alleTaTa KaJblus
coctassai 96,81%.

Pe3ysbTaTbl NpPOBEJEHHOrO0 aHajJM3a YPEOJUTHUYECKUX OaKTepui, NpUBEJEHHbIX B
ucciaenoBanusax 1-10 ¢ ucnosb3oBaHueM Sporosarcina pasteurii, Bacillus pasteurii, Bacillus
Cereus u Bacillus Megaterium, 661711 o1leHeHbl TpadUYECKUM KOJIMYeCTBEHHO-KaueCTBEHHbIM
MeToZ0M. Pe3ynbTaThl aHa/1M3a KpUTepUEB AJis1 6akTepui npejcTaB/eHbl B Tabunie 4.

Ta6snna 4
Pe3y/ibTaThl aHA/IM3a KPUTEPUEB

HanMeHOBaHMe ypeoJIMTHYECKOU GaKTEpUU
Kpurepuu A B C
OUEHKH METOAOM NayTHHDI Sporosarcina Bacillus Bacillus cereus u
pasteurii pasteurii Bacillus paramycoides

| Peakuus npu Temnepatype 550 C 100% 100% 80%

I1 Peakuus npu pH cpefibl 100% 90% 90%
ot 9 10 10

IIl | PocT 6akTepuii 100% 100% 100%

IV | CKopocThb peakiiuu 100% 80% 70%

V | Ypea3Hasi aKTUBHOCTb 100% 100% 100%

VI | BraxxHOCTb I'pyHTa 100% 100% 100%

VII | O6pa3oBaHue KaJblUTa 100% 100% 100%

VIII | 3ddeKT cTabunmmzanuu 100% 90% 70%

rpyHTa

11 opyeHTalMyd ObLIM NOCTPOEHBI JIB€ OKPY>KHOCTH: OoJiblIasi U MaJas - AJisd OLeHKHU
MeToja. Ha OKpY>XHOCTH OBbIM HaHeCEeHbl paJUyChbl, paBHble KOJUYECTBY KPUTEPHUEB,
0603HaUYeHHbIX pUMCKUMHU UPpamu oT 1 70 8. /1 KaxkA,0T0 pajiuyca NpruBeieHO 0603HaYeHHe
JIJ1s1 U3MepeHUsl 3Ha4YeHUH MapaMeTpoB KPUTEPHEB B MIPOLIEHTAX B COOTBETCTBUH C TabIHLEN
4. Tlpu 3TOM KakjAas OakTepus WJM Tpylnna 6akTepud 6Oblia 0603HaueHa OYKBOW, Tak,
B 4aCTHOCTH, Sporosarcina pasteurii - A, Bacillus pasteurii - B, Bacillus cereus u Bacillus
paramycoides - C. Ha cxeMe mnokasaTe/jd KpPUTEPUEB HCIOJIb30BAaHUS YPEOJHUTHUYECKUX
O6akTepuld 00603HaueHbl JIUHUSIMHU, Sporosarcina pasteurii o603HaYeHa roJiyobIM LIBETOM,
Bacillus pasteurii - opanxxeBbiM, Bacillus cereus u Bacillus paramycoides - kpacHbIM (pUCyHOK
1). Panee oTMe4yeHHble METKM KaXKJ0ro BUJA OakTepud Wad rpymnnbl 6aktepuit (A, B, C)
coeMHeHbl JUHUAMU. [locie BBOJa Bcex 3HAaYeHUW Ha JMUarpaMMme MPOBEJEH aHaIu3
MOJIyYeHHbIX JaHHBbIX, 3aTeM IO IJIOAJU COeJUHEHHBIX JIMHUM onpejeseHa 6GakTepus,
nokKa3aBllasi HauboJiblllee 3Ha4YeHUe N0 3aJaHHBIM KPUTEPHUSIM.
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AHasiu3 pe3ysbTaTOB TMpPHUBEAEHHbIX B Tabiule 4 KpPUTEpPUEB MCI0Jb30BaHUSA
YPEOJIMTUYECKUX OaKTepuld IMOKa3blBaeT, YTO 3HA4eHUs IO0Ka3aTesiell MCI0JIb30BaHUS
6aKTepui OTJIMYAIOTCSA APYT OT Apyra He 6oJiee yeM Ha 0,2.
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PucyHok 1. /luarpamMMa OLLeHKM KOJINYeCTBEeHHO-KayeCTBeHHBIM MeToA0M «IlayTuHa»
4. BbIBOJABI

CpaBHHUTe/IbHBIN aHA/IX3 IOKa3aTeJsiell BO3/leCTBUS Ha yly4llleHUe CBOMCTB IPyHTa yTeM
nprvMeHeHUsl 6aKTepUi MOKa3blBaeT, YTO HAUOOJIbIIYI0O aKTUBHOCTb NOKa3bIBaeT GaKTepus
Sporosarcina pasteurii. 3To 006yc/JIOBJIEHO Ha/IMUMEM M CIHOCOOHOCTHIO JAaHHOW OaKTepUHU
BbDKUBATD B 111eJIOYHOM cpefie U 3P PeKTHBHO NPOMU3BOAUTD C BBICOKOM CKOPOCThIO KapOOHAT
kaabuusa. Ocagkyd KapOoOHaTa KaJblius, 3alOJIHAKOLIME MPOCTPAHCTBA MEXJYy 4YacTULLAMHU
necka, 3¢ peKTUBHO COKpAILAT 06beM NYCTOT B IPYHTE U YIJIOTHAIOT ero. TakuM o6paszom,
MCIIOJIb30BaHUe Sporosarcina pasteurii siBasieTc 6o0Jiee eCTECTBEHHBIM M 3KOJIOTUYECKU
YHCTBIM CIIOCOOOM Y/Iy4IIEHUS PA3/IMYHbIX XapaKTePUCTUK IPYHTA.

KpomMme Toro, u3 npoBe/ieHHbIX UCC/I€JOBAaHUN MOXXHO CZeJIaTh BBIBOJ, O TOM, UTO CKOPOCTh
o6pazoBanus CaCO3, ckopocTb mpeobpazoBanusi Ca2+ U MPOYHOCTb HA CKaTHe 63 OrpaHUYeHU s
3aBUCAT OT TeMIlepaTypbl ucnoJsb3yeMol cMecu. MuHepasnbl CaCO3, obpa3oBaBlirecs Npu
60Jiee BBICOKOUW TeMIlepaType, UMeIT 6oJiee KPYNHbIM pa3Mep KPUCTANJIOB U KyOUYECKYIO
dopMmy, uTO crioco6CTBYeT HoJiee MIOTHOU CBA3U MEXK/Y YaCTULAMHU.
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HoBblil moAX0A K YKpelmJieHHI 30JI0BOTO IMecKa C KCHO0Jb30BaHMEM KOMOWHAIUU
6a3a/1IbTOBOTO BOJIOKHA U TEXHOJIOTUM MUKPOOHOTO OCaXKJAEeHUs KaJbLUTa TaKXKe MoKa3asl
xopouue pesyabtaTbl. Kpuctranmisl CaCO3 He TOJIBKO YKPENJIAKT IMECOK, HO U 3allOJHAKT
NYCTOThbI, yJy4llas ero Hecyllyld CHOCOOHOCTb. /IOMOJIHUTENBbHO OBbLIO BBISIBJIEHO, UYTO
IPOYHOCTh 00OpA3I[0B YJYy4YLIAeTCs C MOBBbILIEHUEM KOJHWYECTBA HCMOJb3YeMbIX OAaKTepHUM
Bacillus pasteurii.

BMmecTe ¢ TeM, pacCMOTpPeHHbIH 00630p NMpPUMEHEHUs] YPeoJUTHYEeCKUX OaKTepuil Npu
6uolLleMeHTal MU NT0Ka3aJ cleAyoliee:

1) HeoGxoaUMBbl JajibHEHIINE HCCAefoBaHUsS Tmporecca ocaxaeHus CaCO3 c ydyetom
3aBUCMMOCTU OT pH, TemmepaTypbl M cocTaBa NMUTATEeJbHON CpeJibl C ypPeOJUTHYECKUMU
O6aKTepUsIMHU JJis OnpeJie/IeHHs] FPAaHUYHbIX 3HAaYeHH U )KU3HECTTOCOOHOCTH OaKTepuil;

2) BaXKHO TaKXe y4YUTBbIBaTb crHeluUYeCcKHUe XapaKTepPUCTUKU MaTepuasa, MpUCYIUe
KaXKJIol 06J1acTM NPUMEHEHUs], HAalpUMep, MeTOJ, BHECEHUS] U CBOMCTBA MCHOJIb3yEMOIO
TPYHTA;

3) HeoOXOAHMMO OINpeAeSUTb CKOPOCTb ypea3sHOW aKTUBHOCTHU [Jis MPOTHO3HWPOBAHUSA
HeoOXoAUMMOro KoJsndecTBa ocaxkgenus CaCO3.

Y4uThIBas BCe BblllleyKa3aHHbIE XapaKTEPUCTHUKHU, OJIyYeHHbIE B Pa3HbIX 00/1aCTSAX 3SHAHUN
Ha pa3HbIX MacClITAOHBIX YPOBHSX, NOSBUTCSA BO3MOXXHOCTb 60Jiee TOYHO NPOTHO3UMPOBATh
npouecc 6UoleMeHTalUu [Jisl KaXKJ0ro TUIA TPyHTA U ONpeJeJUTh HAWJIY4IIMA Crocob
YKpeIJieHus IPyHTa C UCII0JIb30BaHUEM JJAHHOTO MeTO/a.
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KycG6eprenora ¥Kanap?, Tyne6ekoBa Acenb?, lymaauioB Uibsc?
JLH. T'ymunes amsindarsl Eypasusi yimmeulk yHugepcumemi, Acmawa Kaaacwl, Kazakcmat Pechy6aukacol
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TonbIpaKThl 6O LEMEHTTEY MPOLECIHAE YPEOJTUTHKAJIBIK GaKTePUAIAPbIH,
KOJIIaHBLJIybIHA LIOJIY

AngaTna: byriHri TaHAa TOnbIpaKThlH, KypaMblH KaKCapTy/[blH 9pTYpPJi aficTepi KoJAaHbLIa/bl.
Casa FasibIMJIapbl 9KOJIOTHUSIFA MeUiJsiHIle HYKCAaH KeJTipMey, 3KoXylhere Tepic acep/li a3alTy »koHe
OHBI CaKTay apKblJIbI TOMBIPAKThIH, CallaCchlH XaKCcapTyFa KabisieTTi 6asaMa afiicTi Tabyaa yHeMi i37eHic
»Kacaabl. bys Karmalaa spTypJii MUKpPOOpPraHU3MAep »Ky3ere achblpaTblH OGUOLIEMEHTTeY 6apJibIK,
KOPCETUITeH TasanTapfa ayan 6epefi. Makanajla MHUKPOOTHIK HHAYKIUSJAHFAH KapOGOHATThI
TYHABLIPY apKbLAbl ypea3a Ty3yre KabineTTi OakTepussap[bl KoJJaHa OTBIPHIN, YCbIHbIJIFAH
OGUOLIEMEHTTeY J/[iCTEpiHE IIOJY XKacaia/bl. 3ePTXaHAIBIK >KaFAal/ia KYPri3iireH KenTereH Taajay
3KOJIOTUSJIBIK Ta3a KYpPbLIbIC 9Jlici peTiHJe OHOLleMEHTTey MPOIeCiHiH COTTIJiriH KepceTKeHiMeH,
ATAJIMBILI CTPATETUSHbBI TRXKIpUOE/Ie XKoHe 1a1a/ia KOJIIaHy aJli /e TOJBIK IIelliMiH TanKaH oK. by
eKi KypJiesikafjali/laH TybIHAANbl: OipiHILiAeH, bUOleMeHTTeY KelTereH GpakTopiapFa 6alIaHbICTbI
KypZeJi KyObLIbIC, eKiHIUifeH, FbIbIMUA 3JebueTTepZe IpTYyp/li MHUKpPOOpraHu3MJlep MeH TypJi
YKaFaalap KapacThbIPbUIbII, 9p TapanTbl HATHXKejiep GepijireH. ¥CbIHbIIFAH KYMbIC KeH, TapaJsfaH
sporosarcina pasteurii, Bacillus Cereus xoaHe Bacillus paramycoides 6akTepusijlapblH KOJAaHYy/aFbl
COHFBI KETICTiKTepi 3epTTeyre MyMKiHZik Oepeni. CoHpaal-akK, »KYMBICTA OCbl 9JICTi KOJAaHY/bl
KeHEUTy MaKcaThbIH/Ia 60JialllaK 3epTTeyIepAiH 6acbiM OaFbITTAapbl AUKbIHAAJIA/IbI.

Ty#iH ce3aep: 6101 eMeHTTEY, MUKPOOPTaHU3M/IeD, Sporosarcina pasteurii, Bacillus cereus, Bacillus
paramycoides.

Kusbergenova Zhanar’, Tulebekova Asel’, Zhumadilov Ilyas?
IL.N. Gumilyov Eurasian National University, Astana city, Republic of Kazakhstan
2Shakarim University, Semei city, Republic of Kazakhstan
*zhkusbergenova@gmail.com

A review of the use of ureolytic bacteria in the process of biocementation of soils

Abstract: Today, various methods are used to improve the properties of soils, but scientists are
constantly searching for an alternative technique that can improve the condition of the soil with
minimal disturbance to the ecology, reducing the negative impact on the ecosystem and preserving
it. Biocementation carried out by various microorganisms under given conditions fulfils all these
requirements. This paper gives an overview of the proposed biocementation methods using bacteria
capable of producing urease by microbially induced carbonate precipitation. Although numerous in vitro
studies have demonstrated the success of the biocementation process as an environmentally friendly
construction method, the application of this strategy in practice and in the field is still an unsolved
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problem. This is due to two main difficulties: firstly, biocementation is a complex phenomenon depending
on many factors, and secondly, different types of microorganisms and different conditions have been
considered in the scientific literature, resulting in a diversity of results. The presented work allows us to
explore recent advances in the application of the widely used bacteria Sporosarcina pasteurii, Bacillus
cereus and Bacillus paramycoides. The work also identifies directions for future research to expand the
application of this method.

Keywords: biocementation, microorganisms, Sporosarcina pasteurii, Bacillus cereus, Bacillus
paramycoides.

References:

1.Effectofbio-cementation processonsandysoil / BojjaVinod Kumar, Anuja Charpe, N RKrishnamurthy,
Ashwin Raut - 2022. - T. 2, Ne 5. - p. 1-9. https://doi.org/doi:10.1088/1755-1315/1086/1/012017

2. Bio-precipitation of CaCO3 for soil improvement: A Review / A Miftah, H Khodadadi Tirkolaei2, H
Bilsel3 -2020. - T. 800. - p. 1-7. https://doi.org/10.1088/1757-899X/800/1/012037

3. Advancements in Exploiting Sporosarcina pasteurii as Sustainable Construction Material: A Review
/ S. Khoshtinat - 2023. — T. 15. - p. 1-23.

4. Manual of Clinical Microbiology / Wormser G.P, Stratton C.ASM Press, 2007. - 2488 c.

5. Biocementation as a Pro-Ecological Method of Stabilizing Construction Subsoil / Katarzyna
Stefaniak, ] .edrzej Wierzbicki, Barbara Ksit, Anna Szymczak-Graczyk - 2023. - T. 16, N2 6. - p. 1-15.
https://doi.org/https://doi.org/10.3390/en16062849

6. Transport and Fate of Ureolytic Sporosarcina pasteurii in Saturated Sand Columns: Experiments
and Modelling / Guijie Sang, Rebecca |J. Lunn, Grainne El Mountassir, James M. Minto — 2023. — T. 149.
— p. 599-624. https://doi.org/https://doi.org/10.1007 /s11242-023-01973-x

7. Influencing factors on ureolytic microbiologically induced calcium carbonate precipitation for
biocementation / N. Erdmann, D. Strieth - 2023. - T. 39, Ne 61. - p. 1-18. https://doi.org/https://doi.
org/10.1007/s11274-022-03499-8

8. Microbial-induced carbonate precipitation (MICP) technology: a review on the fundamentals and
engineering applications / Kuan Zhang, Chao-Sheng Tang, Ning-Jun Jiang, Xiao-Hua Pan, Bo Liu, Yi-Jie
Wang, Bin Shi - T. 82, Ne 229. - p. 1-33. https://doi.org/https://doi.org/10.1007 /s12665-023-10899-y

9. Assessing Indigenous Soil Ureolytic Bacteria as Potential Agents for Soil Stabilization / Abdulaziz
Dardau Aliyu, Muskhazli Mustafa, Nor Azwady Abd Aziz, Yap Chee Kong, Najaatu Shehu Hadi - 2023. - T.
8, Ne 1. - p. 1-20. https://doi.org/DOI: 10.22146/jtbb.75128

10. A Study on Bio-Stabilisation of Sub-Standard Soil by Indigenous Soil Urease-Producing Bacteria
/ Abdulaziz Dardau Aliyu, Muskhazli Mustafa, Nor Azwady Abd Aziz, Najaatu Shehu Hadi - 2023. - T. 31,
Ne 5. — p. 2389-2412. https://doi.org/DOI: https://doi.org/10.47836/pjst.31.5.18

11. Biochar-bacteria partnership based on microbially induced calcite precipitation improves Cd
immobilization and soil function / Min Xu, Jing Ma, Xiao-Hong Zhang, Gang Yang, Lu-Lu Long, Chao Chen,
Chun Song, Jun Wu, Peng Gao, Dong-Xing Guan - 2023. - T. 5, N2 20. - p. 1-14. https://doi.org/https://
doi.org/10.1007/s42773-023-00222-0

174 N21(146)/ 2024 JLH. ['ymunes amoindarel Eypaszus yammuoik yHueepcumeminiy XABAPILBICHI.
TexHUKAIbIK FbLALIMOAD JHCaHE MEXHOA02USIAAP CePUsIChl
ISSN: 2616-7263. elSSN: 2663-1261



0630p uCcno.16308aHUs1 ypeoaumuyeckux 6akmeputl 8 npoyecce 6uoyeMeHmayuu epyHma

12. Inhibited and Retarded Behavior by Ca2+ and Ca2+/0D Loading Rate on Ureolytic Bacteria
in MICP Process / Masaharu Fukue, Zbigniew Lechowicz, Yuichi Fujimori, Kentaro Emori, Catherine
N. Mulligan Cep. 16. - 2023. - T. 1, Ne 3357. - p. 1-20. https://doi.org/https:// doi.org/10.3390/
mal6093357

13. Characterizing Microbialand CO2 -Induced Carbonate Minerals: Implications for Soil Stabilization
in Sandy Environments / Hamed Abdeh Keykha, Alireza Zangani, Hadi Mohamadzadeh Romiani, Afshin
Asadi, Satoru Kawasaki, Niloofar Radmanesh - 2023. - T. 7, N2 13. - p. 1-19. https://doi.org/https://doi.
org/10.3390/min13070976

14. Performance and Mechanism of Zn-Contaminated Soil through Microbe-Induced Calcium
Carbonate Precipitation / Wei Xing, Feng Zhou, Rui Zhu, Xudong Wang, Tingzhu Chen - 2023. - T. 1974,
Ne 13. - p. 1-17. https://doi.org/https://doi.org/ 10.3390/buildings13081974

15. Experimental Study of MICP-Solidified Calcareous Sand Based on Ambient Temperature Variation
in the South China Sea / Jun Hu, Yufei Yang, Yuxuan Zhou, Hui Xiang, Kai Wei - 2023. - T. 15, N2 10. - p.
1-14. https://doi.org/https://doi.org/10.3390/su15108245

16. Unlocking the Potential of Microbially Induced Calcium Carbonate Precipitation for Hydrological
Applications: A Review of Opportunities, Challenges, and Environmental Considerations / Charalampos
Konstantinou, Yuze Wang - 2023. - T. 9, N2 10. - p. 1-32. https://doi.org/https://doi.org/10.3390/
hydrology10090178

17. Experimental Study on the Mechanical Behaviors of Aeolian Sand Treated by Microbially Induced
Calcite Precipitation (MICP) and Basalt Fiber Reinforcement (BFR) / Jia Liu, Xian Li, Gang Li, Jinli Zhang
- 2023.-T. 2,Ne 16. - p. 1-13. https://doi.org/https://doi.org/10.3390/mal16051949

18. Feasible Utilization of Waste Limestone as a Calcium Source for Microbially Induced Carbonate
Precipitation (MICP) / Qian Feng, Yuqi Song, Chuanwei Lu, Hao Fang, Yuxin Huang, Liuxia Chen, Xiangyang
Song - 2023.-T. 9. - p. 307. https://doi.org/https://doi.org/10.3390/fermentation9030307.

CBeJeHMsA 06 aBTOpax:

Kyc6epzeHnoea K. T. - noxTopaHT, EBpa3uiickuii HalMoHaJbHbIM YHUBepcuTeT uM. JL.H. 'ymusnesa,
I. ActaHa, Pecniy6.1vka Kaszaxcran

Tyne6ekoea A.C. - npodeccop, EBpazuiickuii HalMoHa/IbHBIA YHUBepcuTeT UM. JI.H. l'ymunera, r.
ActaHa, Pecniy6s1uka KasaxcraH

Kymaduaoe U.T. - ctapminii npenogaBaTesb, Shakarim University, r. Cemeit, Peciy6inka Kazaxctran

ABTOpJIAap TYpaJibl MAdJIiMeTTEp:

Kycé6epzenoea K.T. - JI. H. l'ymuneB aTbiHJaFrbl Eypa3us yjATTbIK YHUBePCUTETIHIH «Kypblabicy»
kadeapaceIHbIH JOKTOPaHThI, AcTaHa Kajackl, Kazakcran Pecniy6mkachl

Tyne6ekoea A.C. - JI. H. ['ymuneB aTbiHarbl Eypa3usi yATThIK YHUBepPCUTETIHIH «Kypbliabicy»
kKadepacbIHbIH npodeccopsbl, AcTaHa Kasacel, KazakctaH Pecny611kachl

Kymadinoe HU.T. - Shakarim University «Kypbuibic» kadefpacblHbIH aFa OKbITyUIbIChl, CeMel
KaJsiachl, Kazakctan Pecny6/1Mkachl

JLH. 'ymusnee amvindarsl Eypasus yaimmoik yHusepcumeminiy XABAPIBICHI. N21(146)/ 2024 175
TexHUKA/IbIK FbIALIMOAP HCIHE MEXHOA02USNAD CEPUSIChI
ISSN: 2616-7263. elSSN: 2663-1261



KT Kyc6epzenosa, A.C. Tynebekosa, H.T. ’Kymaduos

Information about the authors:

Kusbergenova Zh.T. - PhD student, Department of «Civil Engineering», L.N. Gumilyov Eurasian
National University, Astana city, Republic of Kazakhstan

A.S. Tulebekova - Professor, Department of «Civil Engineering», L.N. Gumilyov Eurasian National
University, Astana city, Republic of Kazakhstan

LT Zhumadilov - Senior Lecturer, Department of «Civil Engineering», Shakarim University, Semey
city, Republic of Kazakhstan

Copyright: © 2024 by the authors. Submitted for possible open access publication under the terms
and conditions of the Creative Commons Attribution (CC BY NC) license (https://creativecommons.org/
licenses/by-nc/4.0/).

176 N21(146)/ 2024 JLH. ['ymunes amoindarel Eypaszus yammuoik yHueepcumeminiy XABAPILBICHI.
TexHUKAIbIK FbLALIMOAD JHCaHE MEXHOA02USIAAP CePUsIChl
ISSN: 2616-7263. elSSN: 2663-1261



JLH. T'ymunes amviHdarsl Eypasus yimmeolk yHueepcumeminiy XAGAPIIBICHL.
ISSN: 2616-7263. eISSN: 2663-1261
TEXHUKAJIBIK FbUUIBIM/IAP 2KOHE TEXHOJIOTUSAJIAP CEPUSACHI /
TECHNICAL SCIENCES AND TECHNOLOGY SERIES/
CEPUA TEXHUYECKHUE HAYKU U TEXHOJIOTUH

MPHTHU 52.13.17 DOI: https://doi.org/ 10.32523/2616-7263-2024-1-177-188
HayuyHas cTaTbsa

H3yyeHue 3¢pPeKTUBHOCTU PAaGOThl KAPbEePHBIX aBTOCAMOCBAJIOB
B CJIO’KHBIX BbICOKOTOPHBIX YC/I0BUAX

K. CamenoB* " , A.A.KapaxxaHoB?~, baybip>kaH JKamaHG6aeB?

123 Egpazutickuli HayuoHaabHblll yHusepcumem umenu JI1.H, 'ymusesa, AcmaHa, KazaxcmaH

(E-mail: 'sgk_08@mail.ru, ?‘akarazhanov@mail ru, >zhaman78@gmail.com)

AHHOTanMsa. M3yyeHbl TEeXHOJIOTUYECKHE BO3MOXXHOCTH HCIOJb30BAHUSA
KapbepHbIX aBTOCAMOCBAJIOB B YCJOBHUSX BbICOKOTOPbS /1JisI TPAHCIOPTUPOB-
KU yIJis Ha 60JiblliMe paccTossHUsA. [Jyis pelieHUs1 Npo6JeM NMepeBO3KU YIJIs
ObIJIM paCCUUTAHbI BAPUAHTHI TPAHCIIOPTUPOBKU U NIPEIJIONKEH ONTHUMAJIbHbBIN
BapUaHT JiJIsl peajiM3aljMi YCTAaHOBJIEHHOTO IJIaHA MepeBo30K. [Ipu ycioBuu
PEKOHCTPYKL MU BCEX MOCTOB, PETY/IIPHOTO PEMOHTA, CBOEBPEMEHHOM OYUCT-
KU y4aCTKOB JOPOTH OT CHETa, MOKPBITHS AOPOTH Cllel[HaJlbHbIM BSXKYIIIUM Ma-
TepuaJioM B JIe[JOBbIM MEPHUO/] U NOJIMBA JIETOM CyIleCTBYeT TeXHUYeCKas BO3-
MOX>XHOCTb €2KEr0JHO IePEBO3UTh TAKUM CIIOCOOOM OJIUH MUJIJIMOH TOHH YTJi.

KioueBblie c/10Ba: BICOKOTOPHBIN Kapbep, yroJib, aBTOCAMOCBaJI, aBTOMO-
OUJIbHBIN TPAHCIOPT, JOPOTH.

IMoctynuaa: 23.01.2024. lopa6oTaHa: 05.02.2024. Oxo6peHa: 16.02.2024. loctynHa oHiaiH: 29.03.2024

* aBTOP /15 KOPPECTIOHAEHI[UN


https://orcid.org/0009-0006-0509-5864
https://orcid.org/0000-0002-8044-8846
https://orcid.org/0000-0001-9027-9540
DOI: https://doi.org/ 10.32523/2616-7263-2024-1-177-188

I’K. Camenos, A.A. Kapasxcaxos, Baybvipacan XKamanbaes

1. BBeaenue

MecTopoxeHure yIriis paclnoJyio)KeHO B TOPHOW MeCTHOCTHU. 3eMJIl paloHa, KaK MpaBuJIo,
BbICOKOTOpHasi. AGCOJIIOTHbIEe 3HAKM MO BbICOTe pacmnoJiokeHbl B mnpegenax 3300-4200 .
KivMaT pervoHa pe3ko KOHTHHEHTAJbHblM, U3MEeHEeHUe CyTOYHOW TeMIepaTypbl 0 25°,
HabJ1r0jaeTcs X0J10/jHas 3MMa U Telioe JyieTo. Haubosibiiee KOJIM4eCcTBO 0CaZKOB BbINaJlaeT
3MMOM B QpeBpasie U MapTe, OCEHbIO B OKTsOpe.

CHe>xHbIHM MOKPOB Ha BbIcOTe cBhIlIle 2500 M BbINaZaeT B KOHIE HOSIOPS U COXpaHsIeTCs [0
KOHI|a anpeJis. B BbicOkoropbe B Jit060€e BpeMs ro/ila BOSMOXEH CHET.

Pernon B BeceHHee BpeMs MOJIBEP>KEH JIABUHHOM OMAcCHOCTU. B ydacTke JlaBUHBI He
HabJrofaeTcsa. KOHTYpbI yro/ibHOTO IJ1acTa He UMEIT KapcToo6pa3oBaHUs. CeiCMOJIOrHYeCcKU
peruoH HaxoAuTcs B 9 6a/l/IbHOU 30He.

B ropsbix palioHax KJWMaT U JOPOKHbIE YCJOBUA UMEKT CJlefylole XapaKTepUCTUKHU:
YCJIOXXHEHHblEe YCJOBUS JOPOI, HU3MEHeHWe pas3/IMuYHbIX KJUMaTU4YeCKUX 30H, pe3Kue
M3MeHeHHs NoroJbl (CHeromazbl, OypaHbl, roJioJiefi, pe3Koe H3MeHeHUe TeMIlepaTyphbl),
CHUKEHMe J]aBJIeHUs], IJIOTHOCTHU U TeMIlepaTypbl BO3/yXa C yBeJIMUeHUEM BbICOTHI TOP.

[opHble pallOHBI 4aCTO MPeACTaBJSIOT COO0M CIOXKHBIMA pesbed, €abo pa3BUTasg CETb
aBTOAOPOT. B npeAropHbix palioHax npeo6JaZjaloT BOAHbIE Iperpajbl: TOPHbIe peYKH, 03epa,
pyuybu. BepTuKaibHble y3KHe JOPOTH B 60JIbIIMHCTBE CTPOSAT Yepe3 yliesibsl U TOPHbIE CKJIOHBDI.
[opHble OPOTY UMEIT pe3KHue MO beMbI, YKJIOHBI U 3aKPbITble IOBOPOTHI, MHOT'O JOPOKHbIX
COOPY>KEHHH U MOCTOB.

B cBA3U € NOrOAHBIMHU YCI0BUSMU JIOPOXKHOE [IBUXKEHUE pe3K0 MeHseTcs. bosibiias yacThb
TOPHBIX JOPOT NO/ABEP>KeHa 0OpyIIeHUsAM, KaMHeNa/iaM U OMOJI3HAM.

Ha usydyaeMoM 00ObeKTe rOpHble U TeOJIOTUYECKHE YCJI0BUS He SIBJSIOTCH CJA0KHBIMHU.
MMeroTcs 61aronpUsiTHbIE YCA0OBUA JJ1s1 JOOBIYM YISl OTKPBITBIM ClIoco60M. B paboyeli 30He
HaceJIeHHBIX IyHKTOB He uMeeTcs. biimkaiiliee cesa pacnoJioxkeHbl B 45 KM OT Kapbepa.

Ha kapbepe mnpuHATa cUcTeMa OTKPBITOM J06blYM € aBTOoTpaHcnopToM. [lorpyska
JlOOBITOM TOPHOM MacChl OCYIECTBJISAETCSA OAHOKOBIIOBbIMU I'yCEHUYHBIMU 3KCKaBaTOPaMH U
KOJIECHBIMU NOTPY3YHUKAMHU.

B cooTBeTcTBMM C 3aJlaHMEeM MpOBeJeHAa OLeHKa BO3MOXXHOCTEW MNpeANpUATHUSA IO
TpaHcnopTupoBKe 1 000 000 TOHHBI YT/l U3 BBICOTHOTI'O Kapbepa Ha paccTosiHUe 10 150 kM ¢
pa3nuuen B BbicoTe 0 2000 MmeTpoOB.

2. MeTOABI

OueHka MpPOU3BOACTBEHHOW MOUIHOCTHM TPAHCIOPTHOM CUCTEMBbI MPOBOAWIACH C
MCIIOJIb30BAaHHUEM JJAHHBIX 0 PAKTHUYECKOM COCTOSTHUM MpPeANPUATHUS.

OcHOBHasg 1eJb MNPOBOAMMOrO MCCAEeJOBaHUS - OOOCHOBaHHE ONTUMAaJIbHOI'O
TOPHOTPAHCIOPTHOrO KOMILJIeKca. PelieHbl 3a/jauu 0 c60py HEOOXOAUMbIX JAHHbBIX JJis ee
JIOCTHXKEHUS U OTIpeJie/IEeHUI0 TEXHOJIOTHYECKUX U TEXHUYECKUX IPaHHUIl,

OCHOBHBIMM U B3aMMOCBSI3aHHBIMHU 3aJa4yaMHy, MOAJIEKAIIMMH PeLIeHUI0, SBJATCA
omnpe/ieJieHUe TOPHO-Te0JIOTUYEeCKUX M TOPHO-TEXHHUYECKUX YCJIOBUH, HEOOXOAUMBIX [JIs
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JlaHHbIX THUIIOB CaMOCBaJIOB, 060CHOBaHME TOPHBbIX M TPAHCHOPTHBIX OlNepalUi, a TaKxe
YCJIOBUM U peXUMa UCN0JIb30BaHUS KapbepHOIr'0 aBTOTPAHCIOPTA.

['opHO-reoMeTpHUYecKoe McCaeLOBaHWE JAHHOW aBTOLOPOrM IOKasaJ, YTO Yy Cbe3J0B He
NOCTOSIHHO BBIJIEPKMBAIOTCS YKJOHBI B COOTBETCTBUM C ONEpPEXAIOIIUM YKJIOHOM, KOTopas
Ha MpaKTHKe He J0J/KHA npeBbiiaTh 80 npoMusied. CyiiecTBYIOT Y4aCTKU C HAKJIOHOM 6oJiee
120 npoMuJIel, YTO HETaTUBHO OTPakaeTcsl Ha 3P PeKTUBHOU paboTe TPAHCIIOPTHOM TEXHUKH,
TaK KaK He BCe MallMHbl MOTYT ObITb 3pPEKTUBHBIMU Ha KPYThIX HAKJIOHHBIX U ONE€PEYHbIX
ydacTKax aBToZoporu. Takxke HeJocTaTO4HA [0/11 yYaCTKOB FOPU30HTAJbHOW JOPOTH BJOJIb
BCcell MaructpaJsid. Bce 3To cHMKaeT 3 PeKTUBHOCTH UCN0JIb30BaHMSA aBTOTPAHCIIOPTA, TaK KaK
CHIKaeT CPeJHIOI0 TEXHUUYECKYI0 CKOPOCTh [IBMXKEHHUS U YBeJIMYMBaAET CpeJiHee BpeMs B My TH.

OfHMM M3 Ba)KHEMUIMX CNOCOOOB MOBbIIEHUS 3QPEKTUBHOCTU aBTOMALIWH B TaKHX
YCJIOBUAAX 3a CYeT MOBBILIEHHUS KadecTBAa UX YCJOBHUM 3KCIUIyaTallMU fIBJISETCA YeTKoe
cobJil0jleHre HOPM NMpPOoeKTHpoBaHUs Aopor. Cy>keHHWe aBTOAOPOT BbIHYXK/JAeT K CHUKEHUIO
CKOPOCTH, NMOBBIIIEHHOMY YBeJHWYEHUIO0 pacxoja TOIJIMBA YU NMPUBOAUT K MU3HOCY aBTOLIMH
CBEPX HOPM.

3. Pe3y/1bTaThI U 0GCYK/eHUe

[Ipu npeBbllieHUU pesibeda HAJZL YPOBHEM MOPS NMPOUCXOLUT CHUXKEHHE aTMOCPepHOro
JlaBJieHus, TeMIepaTypbl U JIOTHOCTH BO3/yXa.

Huskoe paBsieHHe aTMocdepbl CHMXKAaeT MOLIHOCTb JBUTraTesIsl, YBEJWYUBAET pPaCXO[,
noTpebJisieMOro TONJIMBA, CHUXKAET JjlaBJIeHH e BO3/lyxXa B TOPMO3HBIX yCTPONUCTBAX U IPUBOAUT
K IpyTMM HEeraTUBHbBIM NOC/IEACTBUSIM.

[Ipy yMmeHblIeHMU Ko3dPULMEHTa 3amnoJHEeHUs LUWIMHAPOB JBUraTesisl CHUXKaeTCs
MOULIHOCTb JABUraTesis. B ropHOoil MecTHOCTH NpHU Bble3/ile KapbepHOro aBTOCaMOCBaJjia Ha
BbICOTY 710 4000 MeTpoB yepes kaxble 500-1000 M cHMKaeTCcs MOIHOCTD ABUraTesis Ha 10-
15%. [loTpebisieMoe TOMJIMBO MOBBIIIAETCs BJieTHee BpeMs Ha 10-15% u 3uMHee BpeMs 0 20-
25 %. CoOTBETCTBEHHO, KPYTAILIMM MOMEHT Ha BaJly IBUTraTeJ sl U CUJa BUTaTe s Ha BeAyLIUX
KOJIecax yMeHbLIAlTCA. B nepByo ouyepeib 3TO CBA3aHO C yMeHbIIEHUEM IJIOTHOCTH BO3Ayxa
Y, COOTBETCTBEHHO, C yMeHblIeHHeM K03(QPUIMeHTa 3aloJIHEHUSl LUJIUHAPOB JBUraTessl.
CnesoBaTesibHO, TOpIOYas CMech epeoboralaeTcs.

B pe3ysibTaTe neperpena ABUraTessl U NporpeBa pabouei cMecy NPOUCXOAUT pas3KUKeHUe
MOTOPHOIr0 Macja U yXyAUlalTcs pabouue cBOWCTBA. [Ipy JBMXKeHUM MAaLIWHBI MO TOPHBIM
JloporaM MOXeT YBeJIUYUThCA KOJIMYeCTBO TOIJIMBA B cocTaBe MacJa 0 20-30%. B pesysnbTare
3TOr0 NPOUCXOAUT NMOBBIIIEHHBIN U3HOC JleTalel JBUTraTe .

[Ipy cHMKEHUM TeMIlepaTypbl KUIEHHUS BOJbI, YMEHbLIEHWHM IOJAa4U BO3Jyxa 4Yepes
BEHTUJIALMIO Y IOIa4YH TelJla B OKPY>KaloLyI0 Cpe/ly OT paiMaTopa yXy/lIaeTcs OXJaxXJeHne
JABurareJis. HapyuieHue repMeTUUHOCTU CUCTEMbI OXJIQXK/A€HUS MOXKET IPUBECTH K 3aKUIIaHUI0
BOJbl ZlaXke NP HOPMaJIbHOM TemJsioBOM paboTe JBuraTesis. Bo BpeMs AJUTeNBHOrO ciycka
Harpy3ka Ha JBUraTeJlb U TPAaHCMMUCCHUIO CHWIXKAEeTCsl, a TeMIlepaTypa BOJAbl B CUCTEME
oxJaxkaeHuda nagaet go 30-50°C.

[Ipyu cHmxeHuu  aTMochepHOTO  JaBJIeHUs  yXyjllaeTcsl paboTa  YCTPOWCTB
3JIEKTPOOOOpY/I0BaHUS, HapyllaeTcsl paboTa BaKyyMHOI'0 pPery/siTopa B CTOPOHY 3a/ePKKHU
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MOMEHTA 3aKUT'aHUs, UYTO TPebyeT KOHTPOJISI MOMEHTa 3aKMraHus Ha Kax /o BbicoTe 2000
M - 4YacTU OKTAHOBOr'0o KoppekTopa. Kpome Toro, yBesiMmunBaeTcsl McapeHUe 3J1eKTPOJIUTa
M3 aKKyMYJSTOPHBIX OaTapeil, MHTEHCUBHO TOPAT KOHTAKTbl 3JIEKTPOJOB ILUTENCeJTbHOU
BWJIKM U BBIKJIOYATe/Is, CHUXKAETCS CONPOTHUBJIEHUWE H30JSIUU NPOBOJOB MU YCTPOWCTB
3JIEKTPOOOOPY/I0BaHUS, yBEJMUUBAETCS TENJIO0BbI/leJIeHUE JJAMIIOBbIX U30JIITOPOB.

BHe3amnHble KoJiebaHUS TeMIepaTypbl, ObICTPble U3MEHEHUsl MOTOoJbl JAHEM U MOLbEM
MEeCTHOCTH HaJi YypPOBHEM MOpPsI MOTYT BbI3BaTh OTTaUBaHUE pajuaTopa U 6J0Ka IJUJIUH/POB
JIBUTaTeJis Jaxke JIETOM U3-3a HOYHbIX 3aMOPO3KOB.

M3-3a NOBbILLIEHHOT0 pesibeda MECTHOCTU HaJ, yPOBHEM MOps paboTa CUCTEMBbI 3a>KUTaHUS
OCJIO}KHEHA, yCTaHOBKA peryJisiTopa BaKyyMa Ha 3a/lepKKy MOMeHTa 3a)KUraHus IpepbIBaeTCs,
YMEHbLIAEeTCs CONPOTHUBJIEHUE H30JISLUHU 3JEKTPUYECKUX MPOBOJOK U 3JIEKTPONPUOOPOB,
CUJIBHO FOPAT 3JIEKTPO/bI CBETUJIbLHUKOB U KOHTAKTbI BBIKJIIOUYATeIs1, MOBbIIIaeT 06pa3oBaHUe
oborpeBa B H30JIATOpPaX CBETU/JIbHHWKOB, NOBBIIIAET HCHApeHHUE 3JIeKTPOJIMTA, CHUKAeT
Ha/le?)KHOCTb paboThl APYrUX AeTajed U 3JIeKTPOnprUOOpOB.

[Ipu [BU>KEHUHN CKOPOCTD MepeiBUKEHUSA aBTOCAMOCBAJIOB OrPAaHUYUBAETCH: P O beMe
- TATOBBIE CIIOCOOHOCTH, IPU CIYCKe - 6e30MaCHOCTh JOPOXKHOTO JIBUXKEHUSI.

JKCIJlyaTalluss KapbepHBbIX aBTOCAMOCBAJOB B TOPHBIX paWoOHax JOJDKHA CTpOro
COOTBETCTBOBAaTb TPeOOBAHUSAM [0 MNOArOTOBKE MaUIMH K 3KCIJyaTaldd, NMPOBEPKe HX
TEXHUYECKOT0 COCTOSIHUS B aBTONAPKaX U TYIMKaX, a TAKXKe CBOeBPeMEHHOMY 00CIY>KUBaHUIO,
TaK KaK Jja)ke He3HaYMTeJIbHble HEUCIIPABHOCTU MOTYT IPUBECTU K CEPbE3HbIM IOC/IEACTBUSIM.

CKOpOCTb KapbepHbIX TpPAHCIOPTHBIX CPEACTB OlpefesseTcd IpPenMyIleCTBEHHO
PO/ 0JIbHBIM YKJIOHOM JJOPOT.

B xoze uccienoBaHUK YCTAaHOBJIEHO, YTO NPU NOAbEME 3arpyKeHHbIX TPAHCHOPTHBIX
CpPeJZCTB CO CKOPOCThI0 12-15 kM /4 3HaUYeHUe NPOA0JAbHOI0 YKJIOHA I0NYCTUMOM Harpy3Ky Ha
IIWHBI MOXKeT gocTturathb 15-20%.

Jlpyrve y4acTKH J0JKHbI PYKOBOACTBOBATbCSA UHAMKATOPAMHU UJIU YCJIOBUSIMHU JABUKEHUS
(ckosib3Kas Tpacca, J0X/b, TYMaH, HOYb U T.I.). [lJig o6ecrieyeHUs1 6€30MACHOCTH JBUXKEHUS
Heo0X0AMMO BbIOpAaTb MHWHUMAJbHO [JONYCTUMBbIM HHTEpBa/l MeX/Jy aBTOCAaMOCBaJIaMHU.
[leperoH fo/keH OBbITb TAaKUM, YTOObl NPU BHE3allHOW OCTAHOBKE CTOSIET0 Mepes HUM
aBTOMOOUJIS TOC/IEeAYOLUHA aBTOMOOHWIIb yCIles1 3aTOPMO3UTb.

[Ipy ynpaBieHMM KapbepHOrOo aBTOCAMOCBaJa B TOPHBIX VYCJIOBUAX MOCTOSTHHAsA
Hanpsi>KeHHasi paboTa MOBbILIAET yTOMJIEHUE onepaTopa. M3-3a HeXxBaTKU BO3/yXa Ha BbICOTE
3000 M u BbIllIe HAJL YpPOBHEM MOPS y HEKOTOPBIX ONEpPaTOPOB BhIABJIAETCA 3aTPYAHEHHOE
JIbIXaHWe, TOJIOBHAs U cepfieuHasi 60J1b.

[IoBbIlIEHHBIE TPYAHBbIE YCA0BUSA PabOTbl B FOPHBIX YCJAOBUSAX TPEOYIOT OT BOAUTEJEH
BbICOKOU BbIHOCJIMBOCTH U XOPOLIE NOATOTOBKH.

Ha 60sb110M BbICOTE pAabOTOCHOCOOGHOCTh NHEBMATHYECKHUX U MHEBMOTM/PONPUBOJHbBIX
TOPMO30B CHMKaeTCs 3a CUET CHWXKEeHHUS NoJayy BO3JyXa yepe3 KOMIIPeCccop U yBeJU4eHUs
pacxozia Bo3Zyxa [Jisl TOPMOXKEHUA NIPU 3aTSKHBIX JOPOrax.

B cpegHeM B ropuHbix panoHax A0 10-15% TpaekTopuu [ABUXKEHHUS aBTOMOOUJISA
OCYLeCTBJIAETCA C IOMOILbI0 TOPMO30B, @ Ha AOPOrax C MHTEHCUBHBIM JBHKeHHEM - 10 30-
40%. Ha npopo/mkrTeNbHBIX CIOyCKaX TeMIlepaTypa TOPMO3HbIX HAKJ/aJO0K MOBbIIIAETCA [0
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350-400°C, TopMmo3Hble bapabaHbl neperpeBatoTcsa Ao 280-300° C, moatoMy ko3adpPpuumeHT
TPEeHUS HAaKJIaJ0K Pe3KO0 YMEHbIIAETCsl, a TAKXKe OBbIIAETCS TOPMO3HOM Iy Th aBTOCAMOCBAJIA.

3HAaYMTEJbHO BO3PACTAlOT HAarpy3Kd HAa MeXaHU3Mbl YIpaBJIeHHs aBTOCAMOCBajIa M3-3a
CBEPXCJIOKHBIX YCJIOBUM aBTOJ[OPOT.

[Ipy mogbeMe MO TOPHBIM JOporaM HAOGJIOAAETCS HWHTEHCUBHBIM WM3HOC IIWH H3-3a
nepesadyu OOJIBLIOTO KPYTSIIEro MOMeHTa Ha BeAylide KoJieca, YaCTOro TOPMOXKEHHS Ha
CKJIOHAX, MHOTOYHMCJIEHHBIX MOBOPOTOB MaJIOr0 PajInyca, BBICOKOTEMIIEPATYPHBIX YCIOBUH
3KCIJIyaTallMy LIKH, €3/1bl [10 J0pOraM C TBep/bIMHU BbICTYIAMU U KAMHSIMU.

Ecav He cie/1oBaTh CenaJbHbIM PEKOMEH/JALUsAM, IOPOTH U KJIMMAT B TOPHBIX palioHax
HEraTUBHO CKaXXyTCsl HAa 3KCIIyaTAl[MOHHbBIX XapaKTEPHUCTHUKAX KAPbEPHBIX aBTOCAMOCBAJIOB.

[IpoGer KapbepHOro aBTOCAMOCBaJia [0 CJEAYIOLero TeKyllero o6C/ayKUBaHUS
cokpauaetca Ha 30-35% oT HOpMATUBHOTO.

[Ipu 06cnej0BaHUM MYTH OT MeCTa Ha3HAuYeHUs [0 TOPHOr0 Kapbepa OblIM BbISIBJIEHBI
c/ieayroliye 3aMevyaHus:

- B HEKOTOPBIX YYaCTKax LIMPHUHA MPOe3Ker YaCTH JJOPOTY 3aTPYIHSAET MPOe3/] aBTOMALIHH;

- YaCTUYHO OTCYTCTBYIOT YYacTKU [Jis1 NMPOINMYyCKa BCTPEYHbIX aBTOCAMOCBAJIOB HAa BCEM
IPOTSKEHUHU MaPILPYTa;

- BUJJUMOCTb BCTPEYHBIX TPAHCIIOPTHBIX CPE/ICTB B HEKOTOPbIX MECTAX BECbMa OrpaHHUY€eHa;

- OYeHb JIIMHHbIE CKJIOHBI B MYTH;

- MeCTa YKJIaIKU TPyOOIpPOBO/OB MOJBEPKEHBI PUCKY 06PYLIEHHS;

— KOHCTPYKIUSI MOCTOB He COOTBETCTBYET CTPOUTEJbHBIM HOpPMaM U MpaBUJaM B 4acTH
HeCyled CHOCOGHOCTH KOHCTPYKTUBHBIX 3JIEMEHTOB (TpPEIIMHBbI, OTKOCHI, OTMBIBKH,
00py1IeHHUs, U3rubbl 6AJIOK U T.1.).

KOHCTpyKIIMsI MOCTOB He YZI0BJIETBOPSIET CTPOUTEbHbIE HOPMbI U MPABUJIA C TOYKHU 3pEHUs
HeCylel CTOCOOGHOCTH OCHOBHBIX COOPY>KEHHH.

Bo wu3bexxaHue pHCKa aBapuil KapbepHBbIX aBTOCAMOCBAJIOB HA y4YacTKaX MOCTOBBIX
KOHCTPYKIIMHA HEO6X0AMMO IPOBOAUTH ITOJIHY0 PEKOHCTPYKIUIO BCEX MOCTOBBIX KOHCTPYKIUH.

M3-3a y30CTH AOpOr Npoe3/ BYyX BCTPEYHbIX KapbePHbIX aBTOCAMOCBAJIOB 3aTPYAHEH, YTO
CUJIbHO BJIMSIET HA Pa60OTy TOPHOTPAHCIIOPTHOI'O KOMILJIEKCA.

3uMOU J0pOrd HEOOXOAMMO PErYJISPHO YUCTUTD. TakKe He06X0UMO obecrneyeHre CBSI31
JIJIs1 BCeX OMepaToOpOB KOJIECHOU TEXHUKH.

B 60/IbIIMHCTBE YYaCTKOB MaplIpyTa YacTO NPOUCXOAUT o6JieleHeHHe Aopor. KapbepHble
aBTOCAMOCBaJIbl BbIHY>K/I€HbI OCTAHABJIMBATbCS, YTOObI 060PYA0BAThH IIUHbI CllelHaJIbHBIMU
ensiMHU.

Hacesenue 6/1m3sexaliux epeBeHb XKaJyTCS Ha MbLJIb JOPOT U YaCTO 3aKPbIBAIOT JOPOTH.

B 0CHOBHOM eCTb 0YeHb 60JIbIION 3armac MOUIHOCTH /1Jisl IEPEBO3KHU YTJisl, aBBTOMOOHUILHOTO
TPAHCIOPTa OT CKJIa/ia 0 KOHEYHOH TOYKH JJOCTABKH, 10 pe3y/IbTaTaM pacyeTa TPAaHCIIOPTHO-
TPaHCIOPTHON MOIHOCTH TPAHCIIOPTHON CUCTEMBI.

[IprBOCCTAaHOB/JIEHUH KOHCTPYKIIUHM BCEXMOCTOB, PETYJIIPHOM TEXHUYECKOM 06 C/TY>KHBAHHH,
CBOEBpPEMEHHOMN OYUCTKE U MOCHINKE JOPOTrH ClelHaJbHbIMU HHEPTHBIMU MaTepUalaMU BO
BpeMs JIeTHEro roJiosiefia ¥ Bofou jetoM MoxHO nepeBo3nTb 1 000 000 ToHH yr/id B roA.

M3ydyeHHe TOPHO-Tre0JIOTUYEeCKUX U TOPHOTEXHUYECKHUX (PAKTOpPOB MPOBOAUJIOCH MyTeEM
YCTAaHOBJIEHUs (QAKTHUYECKUX WM IJIAHUPYEMBIX YCJIOBUH BeJeHHUS TOpPHBIX paboT. B
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3aBHCUMOCTHU OT TOPHO-T€0JIOTUYECKOM O0OGCTAaHOBKM OblJla NpOBeJieHa COOTBETCTBYHOLIAS
c60pKa OCHOBHOTO TOPHOTO MOTPy304YHO-Pa3TPy304YHOTO 0O0OpYy/0BaHHS, MOC/AEe 4Yero Oblia
omnpejesieHa CTPYKTypa MOJe/JIM MaruCTpaju B COOTBETCTBUU C YCTAHOBJIEHHBIMUA F'OPHBIMU
Y MOPOAHBIMU NOTOKAaMU. PacueTsl npoBeJeHbl, UCX0[d U3 paKTUUECKUX 3aTpaT, CBA3aHHbIX
C 0OCIY)XMBAaHUEM OCHOBHBIX TEXHHWYECKHUX IpPOLEeCCOB, KOHKPETHBIX CXeM TPaHCIOPTa,
KOJIMYeCTBA OCHOBHOTO TEeXHHUYECKOTO0 000pyJ0BaHHWs, OpraHu3alnyed 3KCIJIyaTalyu
TOPHOTPAHCIOPTHBIX KOMILJIEKCOB.

Heob6xonuMo ykasaTbh, 4YTO pe3y/JbTaTbl MHOIOYMCJEHHBIX Hay4YHbIX HCCJEeJ0BaHUU
II0 IepeBO3Ke TOPHOM MacChl KapbepHbIMM aBTOCAMOCBAaJIaMM IIOKa3blBAaKOT, YTO
NPOU3BOLUTEJbBHOCTb KAPbePHOU TEXHUKU BO MHOI'OM 3aBHUCHUT OT CE30HOB r'oZila U yCJA0BUH
KJAvMMaTa. BausHue JaHHbIX QaKTOPOB Ha MOKa3aTeJM KapbepHOW TEXHUKH YYUTbIBAETCS
ce30HHbIMU dakTopamu: 0,92-0,95 netom, 1-1,1 3umoit u 0,8-0,85 B nepexoaHbIA MEPUOS,
JlaHHbIA GaKTOP B OCHOBHOM BJIMSIET HAa CKOPOCTb JIBUXKEHUS KapbepHbIX aBTOCaMOCBaJIOB,
B pe3yJibTaTe 4Yero CHUKaeTCA NMPOU3BOAUTENBbHOCTb TPAHCIIOPTA U COKpALAaeTCs B LieJIOM
paboTa TPaHCHNOPTHOW CHUCTEMBbI, TO €CTb, HECMOTPSl Ha IIJIOXO€ COCTOSIHME aBTOZOpOT,
TeXHUYeCKash CKOPOCTb 3arpy>KeHHOI'0 JBMXXEHUA BECHOU B CPAaBHEHUU C 3UMOW CHUXKaeTCHd
Ha 10-15%.

B HacTrofuee BpeMs MNOAPAAYUKHA BBIBO3AT YroJb C IUJIOILAJKU HapyxXy. ExenHeBHasd
NPOU3BO/JCTBEHHAsA MOLJHOCTb IO nepeBo3Ke yrid oneHuBaercd B 1000 ToHH, a romoBsas
NPOU3BO/JCTBEHHAsA MOILHOCTb oueHuBaeTca npuMepHo B 300 000 TtoHH yria. CorsiacHO
JlaHHBIM, KOJIMYECTBO PeNCOB JaHHBIX NOJAPAAYUKOB He ABJISETCHI NOCTOAHHOM.

Okosi0 50 TpaHCHIOPTHOM TEXHUKH MECTHOTO HaceJIeHUs1 >KUTeJel HCIOoJIb3yeTcs
HNOAPSAAYUKOM B MepeBo3Ke yris. Mcnosb3yroTcs KuTalckue camocBaibl Howo v Shacman,
cTapble poccUicKkUe caMmocBasibl KamA3.

[Ipy TpaHCIIOPTHUPOBKE yIJisi CTOPOHHUM MOJAPAJYUKOM OTCYTCTBYET CTaOUIbHBIA 06 beM
11IepeBO30K Y He BBINOJHAETCS [IJIaH IPOU3BOACTBA. CO CTOPOHBI CTOPOHHUX OPraHU3al Ui HeT
JIOJDKHOT'O KOHTPOJIA BOAUTEJIe KapbepHbIX aBTOCAaMOCBaJIOB. Bo BpeMsa TpaHCIOPTUPOBKHU
KapbepHble CaMOCBaJibl MECTHOI'O HaceJIeHHWS HWCIHOJIb3YIOTCA B pPa3/IMYHbIX YCJIOBUAX
(pa3Hble MOJe/IM TPAHCIIOPTHOM TEXHUKH, HeUcNpaBHble). KapbepHble aBTOCaMOCBasIbl YaCTO
1eperpy>keHbl M 4acTO MOTrYyT HapyllaTb COCTOSIHUWE aBTOLOPOI U CO3/aBaTb aBapUWHbIEe
CUTyalLMH.

CorsacHo pe3ysbTaTaM MCCJIELOBAaHUKW 110 TPAHCHOOPTHUPOBKe VIV, IepejfaBaTh
3alJIaHMUPOBAHHOE KOJIMYECTBO yIJisl BHEIIHUM OpPraHU3alysaM O4YeHb ONACHO.

Ec/iu nopy4uThb CTOPOHHEMY NOAPALHOMY NPEeANPUATHIO TPAHCIIOPTUPOBATD €XXerofHo 1
000 000 TOHHBI yIJid, TO IO BbILIEYKa3aHHbIM IPUYMHAM He CMOXET BBINOJIHUTDL 3Ty 3a/a4y.
B HacTodlee BpeMsl yroJjib 3KCHOPTUPYIOT TpaHCHOPTHOW TexHWKou Howo, Shachman u
KamA3. Huskas npou3BOAUTENbHOCTb 3aBUCUT OT CPeIHEr0 BOo3pacTa U pU3MYeCKOro U3Hoca
KapbepHBIX aBTOCAMOCBaJIOB. MHOKeCTBO KapbepPHBIX aBTOCaMOCBa0B KaMA3 yxe vcdyepnaau
CBOU ONlepaTUBHBIE PECYPCHI.

YcinoBUsA 3KCIIyaTallMUM TEXHOJIOTUYECKUX TPAHCIHOPTHOM TEeXHUKH, OrPaHUYEHHBIX C
TOYKU 3peHUSl TEeXHUYEeCKUX U TeOMeTPUYeCKUX IapaMeTpOB IPOU3BOACTBA, NPUBOAAT
K TOPMOXEHWUI0 W CHWXXEeHHUI0 3(QQPEeKTUBHOCTU BBICOKONPOWU3BOJAUTEJbHBIX KapbepHbIX
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aBTocamMocBasioB Howo u Shachman B 3aBUCHMOCTH OT YCJI0BUH COYeTaHHSI C CTapbIMU
camocBasiamu KamA3.

EcnvpaccMoTpeTh TpaHCIOPTHBIM TPOIECCCUCIONb30BaHUeM caMmocBaioB Howo,Shachman
v KamMA3 BMecTe B34ThIX, TO IOHATHO, YTO CTapble caMocBaJibl KaMA3 3HAaYUTEJNIbHO YCTYNAIOT
camocBasiam Howo, Shachman no TarosbiM faHHbIM. B pe3yaibTaTe JiBxKeHUe camocBasia Howo,
Shachman ¢ HU3KUMU MOKa3aTeJNSIMHU MO TATCOBO-CLEMHBIM XapaKTEPUCTUKAM OO'bSCHSETCS
CpeAHUM BO3PacTOM U BbICOKMM (PU3WUYECKUM HU3HOCOM KapbepHOTo aBTocaMocBasia KamA3.
BoJibllly10 4acTh 3aTpaT 3aHUMAKT KapbepHble aBTOCAMOCBAJIbl. JTO CBSA3aHO C TeM, YTO Yy
60/IbIIMHCTBA KapbepHbIX aBTOCcaMocBaioB KaMA3 y»ke BbIpab0TaH pecypc sKCIJIyaTalluy, YTO
NPUBOJUT K YBEeJIMYEHUIO PAcXo/a TOIJIMBA U U3HOCY IIMH. [Ipy MCNO/1b30BaHUK caMOCBaJia
BMECTE C 3TUM YBEJIMYMBAETCS U ONpe/ieJIeHHbIM Pacxo/, TOMJINBA.

[[puMeHeHHe HOBOI'O MOKOJIEHHWS KapbepHbIX aBTOCAMOCBAJIOB OJHOI0 THUIA MO3BOJISIET
pellUuTh yKa3aHHYI0 Npob6JieMy. JlaHHOe pellleHHe 3HAYHUTeJbHO pacliupsieT BO3MOXKHOCTH
BBICOKOINPOW3BOAUTE/bHBIX TPAHCIOPTHBIX cpeAcTB Howo 1 Shacman, 3HauuTeIbHO CHUXKAET
pacxo/i TOIMJIMBA, NOBbIAEeT 3QPEeKTHUBHOCTb MOTPy304YHOW TEXHUKU U B LI€JIOM MOBbIIIAET
MPOXU3BOAUTENBHOCTb TPAHCIIOPTHOM CUCTEMBI 3a CYET CHUXKEHHUSA 3aTpaT Ha TPAHCIOPTHbBIE
olnepanuu.

A Taxxe BbINnosiHeH pacyeT TpaHcnoptupoBku 1 000 000 ToHH yria U3 Kapbepa Ha
NpUEeMHbIH CKJIaJ, B TOpPO/JiE.

B pe3ysnbTaTe ucc/ieOBaHUS YCTAHOBJIEHO: YTOObI NMPOW3BOAWTbH 1 MUJIJIMOH TOHHBI
ymisi Heob6xoauMo H3Bjaedyb 300 MUJIJIMOHOB TOHH BCKPBIIIHBIX MOpPoA. JlaHHBIM y4acTOK
IJIOXO MOJATOTOBJIEH K OTKPBITON J00blYe YI/sl. YTOJbHbIM MJACT BCKPBIT NMPAKTUYECKU C
pasHbIX CTOPOH. YTOOBI MOJYYUTh HEOOXOAMMOE KOJMYECTBO YIJISl, HY>KHO MOATOTOBUTb
MecTopox/eHue. [|Jish TPaHCIOPTUPOBKH BCKPBILUIHBIX TOPOJ, IOTPeOyeTCsl JOMOJTHUTENBHO 9
KapbepPHBIX aBTOCAMOCBAJIOB U 3 3KCKaBaTopa.

JlJ1s pacyeTOB 10 MepeBO3Ke YTJisl UCII0JIb30BaJIMCh JIeCTh BApUAaHTOB aBTOMoOuMJIel Howo
773327, Howo ZZ3327N3847C, Shacman SX3256, Shacman SX3316, KamA3 65201, Tatra T158-
8, Terex TA30, Scania G440, Volvo FMX 6x4, Terex TR35 rpy3zonoabeMHoOCTbI0 OT 25 710 33 T.

BeinosiHeHBI pacyeThbl MPOMYCKHOM M MPOBO3HOM CIIOCOOHOCTU TPAHCIOPTHOM CUCTEMBI
JlJ1s1 IepeBO3KH YIJIsi IPU J00blve YIJIsl B Kapbepe U TPAHCIOPTUPOBKE MOPO/AbI C TOBEPXHOCTHU
BCKPBIIIM Kapbepa Ha BHEIIHUW OTBaJI; pacyeT apaMeTpOB MPOU3BOACTBEHHOrO MaplLIpyTa
NepeBO3KHU yIVIi OT Kapbepa [0 KOHEYHOro CKJIaJla; pacyeT 3KOHOMMYECKHMX NOoKasaTeseHl
TPAHCIIOPTHOTO MPOLeCcca; IPpUBJIeYeHHUEe CTOPOHHUX ITIePEeBO3YUKOB IIPU IlepeBO3Ke YIJIA.

PacyeTbl OCHOBaHbl Ha CHPAaBOYHbIX MaTepUasaX, AAaHHbIX W3 UHTEPHETA U CpeJHUX
daKkTUYeCKHUX IOKa3aTeJgX. 3aTpaThl HAa paboTy U BpeMs IPOCTOSI CAMOCBAJIOB M 9KCKaBaTOPOB
paccyuTaHbl HA OCHOBEe (PAKTHUYECKUX AAHHBIX O CTOMMOCTH JIMTPA AU3€eJbHOr0 TOMJHBA U
3apaboTHOM MJiaTe BOAUTEeH cCaMOCBaJIOB.

OrpaHuyeHUsI CKOPOCTH [IJIl CAMOCBAJIOB COCTABJAKT 15 KM/4 B rpy30BOM HalpaBJeHUHU
M 25 KM/4 B NMOpPOKHEM HaMpaBJIEHUH, UCXO/s U3 PaKTUUECKHUX MOKa3aTesiel NMpaKTUKU. B
1eJis1X 6€30MaCHOCTH JJ0NYCKAITCS MaKCUMaJIbHO BO3MOXKHbIe 3HAYeHU s, TAK KaK 3TOT Npe/Jie
3HAYMTEJIbHO CHMXKAET MOTeHIMal 60j1ee KaueCTBEHHON TeXHHUKH.
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OnTrManbHBIM BapyUaHT nepeBo3ku camocBasoM Howo ZZ3327 N3847C nmo pesyabraTam
pac4eTos.

PacyeTHass 3KOHOMMS OT TPAHCIOPTUPOBKMU YIJIA U TpaBbl COOCTBEHHBIMHU CHJIAMHU
npeJnpusiTUs 3a LIeCThb JieT cocTaBJisieT 6oJiee 40 Thic. fosapos CIIA.

[IpepJiaraeTca anbTepHaTUBHBIM METO/ TPaHCIOPTUPOBKU: camocBasl HOWO ¢ npunenom
C nepeBaJkou rpysa camocsaysioB HOWO B nocsiefHeM HacesJleHHOM MYHKTe Ilepe/ Bbe3/0M Ha
Kapbep.

3acyeT COKpalleHUs KOJIMYeCTBa TPYAHbBIX y4acTKOB cpeiHAA ckopocTb HOWO yBesimyuTce.
Pacxos TomiuBa TakXe CHU3WUTCA. B 3aBUCMMOCTH OT 6/1arONpUATHBIX YCJOBUU pabOTHI
KOJIMYeCTBO AHel paboTsl npunenHoro HOWO 6yzaeT yBesinuyrnBaThCS.

[IperMy1eCTBOM 3TOr0 BapyaHTAa BJISAETCA MOBbIIIEHHE IPOU3BOAUTENBHOCTH. YacToTa
nepeBO30K A camocBasioB HOWO cocraBsisieT Tpu pasa B JieHb 10 IyHKTA IIOTPY3KHU U /Ba
pasa B AeHb A camocBasoB HOWO ¢ npunienaMu ;0 KOHEYHOTO IIYHKTA MOTPY3KHU.

3anacHbIM BapUaHTOM [JJi YCTPaHEHUS COLUAJIbHOM HANpPSKeHHOCTU CpeAu MeCTHOI'o
HaceJieHUd MpejJaraeTcd nepenartb camocBasbl HOWO, nepeBo3ssliue yroyipb ¢ Kapbepa Ha
1epeBaJIOYHbIM NMYHKT MECTHbIM BOAUTENAM. MecTHble BOAUTENM TaKXe aJallTUPOBAHbI K
BbICOKOTOPHOMY peJibedy.

CamocBanbl HOWO cnipunienaMu Tak»xe MOKHO UCII0JIb30BaTh JJ15 IPYUBJIeYeHUs BOAUTEEN
Y3 IpyTUX PErMOHOB, TaK KaK YCJI0BUA 3KCIJIyaTallMu B 3TOM cjy4ae HUxKe +2000 M.

Tabsuna 1

Pe3y.)'leaTbI pacyeTa nepeBO3KH yIjid

[TokazaTesnu 1 BapuaHT 2 BapuaHT 3 BapuaHT
Howo 6e3 neperpy3ku | Howo c neperpyskoit Howo c neperpyskoit
KamA3 Howo ¢ npunienom
OPEX 9305310 7374596 6916850
CAPEX 9431360 6845547 6973520
Htoro OPEX + CAPEX 18736670 14220143 13890370
006beM yriisi, TH B TOJ 1000000 1000000 1000000
Ce6ecroumocThb $/TH 18,74 14,22 13,89
156 kM
CebecToUMOCTb 0,12 0,09 0,09
$/TH/KM

CoryiacHO pacyeTaM BapUaHTOB TPAaHCIOPTUPOBKU caMocBasioB Howo u Howo ¢ npunenom
C MyHKTaMU Neperpy3Ku, OHU 60Jiee IKOHOMUYHbBI, YeM APYyrre BapUaHThI.

Tak>ke 6b110 ONIpejeIeHO KOJIMYeCTBO TPAHCIOPTHBIX €IMHULL U CAMOCBAJIOB, Ipe/ilaraeMbIX
koMmmnaHuet TATRA, v B kauecTBe a/ibTepHATUBbI OblJI MPeJICTaBJIeH IpadrK MPOU3BOACTBA.
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4. BeIBOABI

Kak moka3sbiBaeT aHa/lu3 TPAHCIOPTHBIX ONepaluid B OTKPbITOM Kapbepe, CylecTBYyeT
60JIbLION TOTeHUUaM JAJis TMOBbllIeHUs] 3(PEeKTUBHOCTH TPAHCHOPTHBIX ONepanuid B
rOpHO/06bIBAIOIEN TPOMBILIJIEHHOCTH.

Pe3ysbTaThio6C/eJ0BAHUSA YYaCTKAJOPOrHIOKA3bIBAKT, YTOMPOE3Kasi YaCTb HAHEKOTOPhIX
ydacTKax CJAUILKOM y3Kas JJisl CaMOCBaJIOB; 0 BCeW JJIMHE J0POrd YaCTUYHO OTCYTCTBYIOT
KapMaHbl [IJI1 BCTPEYHOTO TPAHCIOPTA; €CTh Y4YaCTKH, Tie BUAUMOCTb [AJIS BCTPEYHOIO
TPaHCIIOpTa KpalHe OrpaHUYeHa; Jopora UMeeT O4YeHb OOJiblLIMe YKJIOHbI; NPOJIOKEeHHbIN
TPyOONPOBOJ, HAXOAUTCS MO, yIPO30U 06pyIleHHs; 06HAPYXKEHO, UTO KOHCTPYKIUS MOCTA He
COOTBETCTBYET CTPOUTEJNbHBIM HOPMaM U IIpaBUJIaM; He Be3/ie Bbl/lep:KaHbl OTMETKH Cbhe3/10B
B COOTBETCTBHUM C KOHTPOJIbHBIMH OTMETKAaMU HecCylled CIOCOOHOCTU KOHCTPYKTHUBHBIX
3JIeMEHTOB.

JleToM KHUTeJIN COCeJHUX ZilepeBeHb XKaJyIOTCS Ha MblJIbHbIE JOPOTd U MEePEKPHhIBAIOT UX.
MHorue J0poru CuUJbHO ObJiefieHe/d. 3UMHUE [JOPOTM HeOOXOAMMO PEryJsspHO YUCTHUTb.
Heo6x0MMO YBEJIMYUTH KOJIMYECTBO MOIPY3YUKOB Ha BCEX CIOKHbBIX yYaCTKaX U 06€CeYUTh
MOOUJIbHYIO CBSI3b MEX/Y BOAWTENSIMU OTPY3YUKOB U CAMOCBAJIOB.

Ec/1v Bce MOCTOBBIE COOPYKEHUS OYIY T PEKOHCTPYHUPOBAHbBI U PETYJIIPHO PEMOHTHPOBATHCS,
CHer Ha y4YacTKaxX Jopor Oy/leT CBOeBpeMeHHO yb6UpaTbCs, B MOpPO3bl Ha JOpOry OyAeT
pacnbUIATHCS ClelMabHBIN BOXKYLUIMM MaTepuall, a JIETOM - BO/Ia, TO 0 TPpacce TEXHUYECKU
MOHO OyZleT IepeBO3UTh 1 MJIH TOHH YTJisl B TO/,

CucteMa TpPaHCIOPTHUPOBKH YIJisl OT paspe3oB A0 MPUEMHBIX CKJAZJOB MMeeT O4YeHb
60J1bLI0M 3alac NPONyCKHON M MNPOBO3HOM CHOCOGHOCTH HAa MapuUIpyTe, COTJIACHO pacyeTaM
IPOINYCKHOU Y MPOBO3HOM CIOCOGHOCTH.

[lo nmpuuMHaM, yKa3aHHbIM B NpeACTaBJIeHHOM OT4YeTe 06 3PpPEeKTUBHOCTH TPaAHCHOP-
TUPOBKHU YIJIsA, ObLJIO Obl OYEHb PUCKOBAHHO Iepe/jlaBaTh 3allJIaHUPOBAHHbIE 00'bEMBI YTJIs
CyLleCTBYIOLIMM NoApsAAYMKaM. Takke He NpeJCTaB/sSETCS BO3MOXHBIM IOJHOCTbIO Ie-
peilTH Ha mepeBO3KYy M3 OJAHOI'0 UCTOYHHUKA. ITO CBSI3AHO C TEM, UTO B 3TOM CJly4ae MECTHOe
HacesJeHUe OJIM3JIeXKalUX HaceJIeHHbIX NYHKTOB OyJeT MpOTHUB. [[pyrMMH CJI0BaMH, €CJIU
Heo6X0ZMMO NlepeBe3TU OJIMH MUJIJIMOH TOHH YTJIsl, MECTHBIX BOAUTEJIEH ClIeiyeT Jlep>KaThb Ha
YaCTUYHbIX KOHTPAKTaX.

CHIKeHUe MPOU3BOAUTENbHOCTH 00YCI0BJIEHO BBICOKUM CPeIHUM BO3PAcTOM CAMOCBAJIOB
Y UX QU3UYECKUM U3HOCOM. JlJis pelieHust 3TOM Npo6JieMbl, HEO6XOJUMO MOAAEPKUBATD TOT
K€ TUII CAMOCBaJIOB B HOBOM MOKOJIEHUH.

Ba)xHOM BO3MO>KHOCTBIO NOBBILIEHUS IPOU3BOJUTENBHOCTH U CHUXKEHHUS 3aTPaT Ha TOPHOM
TpaHcnopTe siBsieTcs 3¢ PpeKTUBHAS OpraHU3alKs aBTOMAPKOB.

CHavyasa peasu3anusi MMEIOUIMXCS BO3MOXXHOCTEW [JOJDKHA ObIThb CBf3aHa C 6OoJiee
TOYHBIM OOOCHOBAaHHMEM BbIGOpPA MOJENU U KOJUYECTBEHHOTO COOTHOIIEHHUST OCHOBHOTO
TOPHOTPAHCIOPTHOTO 060PYA0BaHUS.

BTopoe HampaB/ieHHe - cO3[aHHEe YCJOBUMU AJid 3GPEeKTUBHOW IKCIJIyaTalUU JeucT-
BYIOLLleM CerofjHsl TOpPHOAOObIBAWOILEd M TPAHCIOPTHOM TeXHUKU. [Ipu mepeBo3Ke yris
paboTaroT caMocBaJibl, GaKTUYECKH OTPabOTaBIINE CBOU pecypc, KOTOPhIE M0 CBOUM TSTOBbIM
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XapaKTepUCTUKaM He B IOJIHOM Mepe COOTBETCTBYKT HOBBIM CaMOCBajslaM COBMECTHOTO
nosib3oBaHusA. Hajo npuHuMMaTh 3¢deKTHBHbIE pellleHUs] NOoJAJep>KaHUsl pPeHTabe/bHOCTH
TOPHOTPAHCIOPTHOTO KOMILJIEKCA 32 CieT 060CHOBAHHOM 3aMeHbl 0OCHOBHOTO 000pYy/J0BaHUS.

M3 akTya/bHbIX HalpaBJieHUH MNOBbllIeHUs 3PGEeKTUBHOCTH paboOThbl CaMOCBaJIOB B
TOPHBIX YCJOBUSAX 3a CYeT yJIydyllleHUsl KauecTBa YCJOBUHM UX 3KCILJIyaTallUU ABJSETCS TOYHOE
COo6JII0/leHre HOPM NPOEKTHUPOBAHUS JOPOXKHOI'0 M0JIOTHA. YMeHbLIIeHUe LIMPHUHBI aBTOA0pOT
IPUBOJUT K CHUKEHUIO CKOPOCTH MAIllMH, YBEJIMUEHHUIO Pacxo/a TOMJINBA U U3HAIINBAEMOCTH
aBTOLUKH.

TpeTbe HanpaBJ/ieHUe — COBepLIEHCTBOBaHMe YIIpaBJeHUsl TPAaHCIOPTHBIMU ONlepalUsMU B
Kapbepax ¥ Ha Jjoporax. JTOT Mpolecc BKIYaeT B ce0s1 BCe aCeKThbl a/IMUHUCTPUPOBAHUS,
yyeTa, HOPMHUPOBAaHMS, pEeryJMpoBaHUs, IJIAHUPOBAaHUS W opraHusanuu. Jis 3Toro
HeOOXOAMMO CO3/aTb COOTBETCTBYIOIIYI0 CUCTEMY yIpaBJeHUs U JUCHeT4Yepu3aluu
aBTOMAaTHM3HWPOBAHHbBIX TPAHCIOPTHBIX onepanuid. CoBpeMeHHasi cucTeMa JUcleTYepru3anuu
N03BOJIsIeT HabJI0aTh 32 AUHAMUKOW paboThbl CaMOCBAaJIOB U MPUHMMATb ONTHUMaJbHble U
ObICTpBIE pelleHrs, YTOObl UCK/IIYUTh CUTYyalluH, CBI3aHHbIE C JJOPOXKHO-TPAaHCIOPTHBIMU
NPOUCLIECTBUAMHU U IPOCTOSAMHU TEXHUKH.
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)KOHIHJeri MiHZeTTepZl Lielly YIIiH HYCKaJapAbl ecenTey OpbIHAAJLbl >XoHe TacbIMaJJaylblH,
GesIriJieHreH KOCMapbIH Ky3ere acblpy[blH OHTAWJbl HYCKAJapbl YChIHBLI/BI. Erep 6apJblK Kermip
KYPBLJIbICTapblHA KaWTa »XaHApTY/bl XKYPri3y, K0JI y4yacKeJiepiH KapJaH Ta3aJiay, KoKTalfak, Ke3iHze
»KOJIFA apHaibl Kocna MaTepuasJapblH ceby, »a3fbl YaKbITTa KerajajaHAblpy MEH Cyapy CHUSKTHI
YKYMBICTap TYPaKThl )KYPri3ijiin 0OThIpca, OH/la TEXHOJIOTUSLJIBIK XKaFbIHAH OChI KOJIMEH bLJIbIHA 1 MJIH.
TOHHA KeMip TackIMaJiiay MyMKiHAiri 6ap.

Ty#iH ce3aep: 6uik Tay Kapbepi, KeMip, aBT063iTyciprill, aBTOMOGUIIb KeJIiri, )koaaap.

G.K. Samenov, A.A.Karazhanoyv, B.U.Zhamanbayev
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Operation of mine dump trucks in difficult high-altitude conditions

Abstract. This article discusses the operation of mine dump trucks in high-altitude conditions
for transporting coal over long distances. It presents calculations for solving the problem of coal
transportation and proposes optimal solutions for implementing the established transportation plan.
If all bridge structures are reconstructed, constant maintenance is ensured, road sections are timely
cleaned from snow, special binding materials are used to fill the road during the ice season, and irrigation
is conducted in the summer, then it will be possible to transport 1 million tons of coal per year along this
road.

Keywords: high-altitude quarry, coal, dump truck, road transport, roads
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OnpeaesieHre yCTaJI0CTU MeTa/IJIa 6ALLIEHHOr0 KpaHa MPY MOMOILM
MPOrpaMMHOI0 06ecre4YeHU

A. TynekoB!'”, B. Cazam6aeBa'”, A. Kenec6ek'™, U. Kenec6ek*
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AHHOTauMsa. B 3TOl cTaTbe paccMaTpuBaeTcs MpPUMeHeHHe MeToja KO-
HEYHBIX 3JIEMEHTOB JJis OLlEHKH YCTAJIOCTHOM JOJITOBEYHOCTH CTaJIbHBIX
KOHCTPYKIIMH GallleHHbIX KpaHOB. [loHMMasi nary6Hble MOCAe/[CTBUS I[UKJIU-
YeCKOro Harpy>KeHHsl, MeTOJi KOHEYHbIX 3JIEMEHTOB IMO03BOJIET WHXKEeHepaM
MOJIEJIMPOBATh U aHAJIM3UPOBATh paclpeiesieHre Halpsi>KeHUH, MPOTHO3UPO-
BaTh YCTaJIOCTHYIO ZI0JITOBEYHOCTb U ONITUMHU3HUPOBATb KOHCTPYKIUH. B cTaThe
OMMCBHIBAIOTCS KJII0YEBBIE 3TAlbI, OT CTPYKTYPHOT0 MOJI€JIMPOBAHUSA 10 aHAJIH-
3a HaNps>)KeHUH U MPOTHO3UPOBAHMS YCTAJOCTHOTO pecypca, NoAuepKHUBaeTCs
BOXKHOCTb 3THUX METO/IOB /IJIsI TOBBIIIEHUSI 6€30MACHOCTH U HAJIEXKHOCTH pabo-
ThI OallIEHHBIX KPaHOB. ITOT KOMILJIEKCHbBIHU TOAX0/] IBJISIETCS IPUMEPOM HHTe-
rpaliy nepesoBbIX HHXXEHEPHBIX METOZ0B JIJIsl 00ecledyeHUsl JJ0Jr0BeYHOCTH
Y HaJIEXKHOCTHU KPUTHYECKU BaXKHOT'O CTPOUTEJBHOTO 060PY/I0BaHHSI.

KiioueBble c/10Ba: 6allleHHbIA KpPaH, yCTaJ0CTh METaJ/lJ1a, MeTO/, KOHEYHbBIX
3JieMeHTOB, Solidworks, 3-D MmozenupoBaHue.
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1. BBeaenue

BalleHHble KpaHbl UTPAOT PELIAIILY0 POJb B COBPEMEHHOM CTPOUTE/ILCTBE, NOAHUMAS
TsKeJIble MaTepHuaJibl Ha 60JIbLIYI0 BBICOTY C TOYHOCTbIO U3(PPeKTUBHOCTBIO. KOHCTpyKTHBHAas
11eJIOCTHOCTb 3TUX KPAaHOB UMeET [IepBOCTEeNeHHOe 3HaUeHUe JJis 06ecrnedeHus 6€30MacHOCTH
Y HaZleXXHOCTU. OZJHUM U3 KJII0YEBbIX aCEKTOB OLlEHKH 3KCIJIyaTallMOHHbIX XapaKTePUCTUK
CTQJIbHOM KOHCTPYKIIMU 6allleHHOTO KpaHa SIBJISIETCS aHa/M3 ee YCTaJOCTHOrO pecypca.
YcTasiocTHOe pa3pyllieHHe MOMXKET MPOU30UTHU U3-32 MOBTOPSIOIIMXCS LIMKJOB MOTPY3KH U
pas3rpysKu, 4To JiesiaeT HE0OXOJUMbIM NPOTHO3WPOBaHUE NMOTEHLHUAJbHbIX HEJOCTATKOB U
yIpaBJieHHEe UMHU.

B 3To#l cTaTbe paccMaTpUBaeTCsl aHaJMW3 YCTAJOCTHOW JOJITOBEYHOCTH CTaIbHOU
KOHCTPYKIIMHU O6allleHHOTO0 KpaHa C UCII0JIb30BaHUEM MeTo/la KOHeUHbIX aieMeHToB (MK23) [8].

B ocHOBy pacueTarpy30nobeMHbIX MAIIWH I10JI0KEHbI TOHSTHS 0 TPe/IeTbHBIX COCTOSHUSX,
Ipyd KOTOPOM JajibHeMIlasi 3KCIJIyaTallds KpPaHOB HEBO3MOXXHAa. M3BeCTHbl TpU BHjJA
npeJie/IbHbIX COCTOSIHUM: IepBOe — MOTePsl HeCyllleil COCOOHOCTH, BTOPOE - OTeps Hecylen
CMOCOGHOCTH Y HENMPUTOJHOCTb K Ja/bHeHIlIel 3KCIIyaTalliy, TPeTbe — HEMPUTOAHOCTh K
3KCIJIyaTalldu BCJeACTBUE JAedopMalivM, nepeMelleHruH, KolebaHu U Apyrux (GpaKTOpOB,
BJIMSIOLIMX HAa paboTy MallKHHI [2].

JlJist mpeloTBpallleHUs1 HACTYIJIEHUS NpeJieJIbHbIX COCTOSIHUM MEPBOT0 BUZA BbIMOJHSIOT
pacyeThbl Ha NPOYHOCTb, KOHTAKTHYI0 MPOYHOCTb, YCTOMYMBOCTb 3JIEMEHTOB MallUHbL. s
npeJoTBpallleHUsl BTOPOro BU/ia Ipe/ieIbHOT0 COCTOSIHUS MPOBOJAT pacyeThl CONPOTUBJIEHUS
yCTaJIOCTH, ONpelesIIIOT U3HOC U HarpeB. [/ mpejoTBpalleHUs] MpeAesbHbIX COCTOSHUMN
TPETbero BH/JA BBINOJHSAKT pacyeTbl ynpyrux Jgedpopmauuid 3/7€eMeHTOB MeXaHU3MOB
KoJIe6aHUH MeTaJIOKOHCTPYKLUH, CLiellJIeHUs] IPUBOAHBIX KOJIeC € peJibcaMu [3].

M3BecTHbl TPU THIA pPACUYETOB: IO [JIONYyCKAEMbIM HANPSKEHUSM, IO MpeJesbHbIM
COCTOSIHUSIM U BEpPOSITHOCTHbIE METO/1bl pacyeTa.

YcTasiocTh MeTasl/Ia SIBJSIETCS OJHHUM M3 OCHOBHBIX (pAaKTOpPOB B MaTepUaOBeJileHHEe U B
KOHCTPYUPOBAHUM 6GallleHHbIX KPaHOB [2]. ITOT Mpoliecc Nporpeccupyrollero NoBpexaeHus
MaTepuasia MpPU LUKJIAYECKOM HarpyKeHUHU CTpeJibl, TakKe OallHU KpaHa H3-3a 4aCTbIX
KauaHUH M GOKOBBIX HArpy3ok. B ciydae OallleHHBIX KpPaHOB IMKJIHWYeCKash Harpyska
BbI3BaHA MOBTOPSIOLUMCA NMOABEMOM U ONYyCKAaHUEM TSKeJbIX rpy30B. CoO BpeMeHeM 3TO
MOeT NPUBECTH K 06pa30BaHUIO TPELIMH, pa3/IOMOB U, B KOHEYHOM CuYeTe, K pa3pylleHHUI0
KOHCTPYKIIMH, €CJIM He MPOBOJUTH €XeJHEBHbIH OCMOTP M CBOEBPEMEHHOE TEeXHHUYECKOe
06cy>KMBaHUE 10/KHBIM 00pa3oM. MoXKeT C/Iy4YUThCS KPUTUYECKasl CUTYalus - TaJleHUe WU
obpy1lieHreM 6alieHHOro KpaHa [1].

B pabGote a5 ucciefoBaHUsl paccMaTpuBasiack 3D-Mojesib CTalbHOW KOHCTPYKIUU
6allleHHOr0 KpaHa, CO3JaHHOTO0 NnporpaMMHbIM obecniedueHreM SolidWorks ¢ pa36uBkou Ha
KOHEeYHbIe 3JIEMEHThI, C TPUCBOEHHUEM KaXKJI0MY 3JIEMEHTY CBOMCTB MaTepHaJsia U FPAaHUYHbBIX
YCJIOBUH.
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0npedeﬂeHueycmaﬂocmu Memasaa 6aweHHo20 KpaHa npu nomowu npocpamMMHO20 obecneyeHust

2. MeTogo0Ji0rUs MCCJIEA0BAaHUA
2.1 MeToJ KOHEYHbIX 3/IEMEHTOB

MeTojs, koHeyHbIX 371leMeHTOB (MK3J) - 3TO 4uC/IeHHBbI MeTOJ, UCHOJb3yeMbld [Jis
aHaJu3a CJOXHBIX CTPYKTYp M MPOTHO3MPOBAHUS UX MOBEJEHUS B Pa3/JIMYHbIX YCJIOBHUSX.
OH BkJIIOYaeT B cebs pasfiesieHHe CTPYKTYpbl Ha 6oJiee MeJIKWe, ylpaBJisieMble 3J1eMEHTHI U
pellieHUe MaTeMaTUYeCKUX YPaBHEHUN 1Ji MO eJIMPOBaHUS MOBEeJeHUS KaXKJ0T0 3J1eMeHTa.
MK3 no3BoJisieT MHXKeHepaM U3y4daThb paclpe/ie/ieHHe HalpshKeHUH, AepopMaluio u Apyrue
KpUTHUYeckre (GakKTopbl, NpeAoCTaBJsAsl LEeHHYI HHPOpMal{I0 O peakLuU KOHCTPYKLUU
[8]. s merkoctu pacyetoB MK3J ucnosib3oBasioch nporpaMMHoe obecnedyeHue SolidWorks
(Pucynok 1).

[Ipy aHanM3e yuuThIBaJIMCh MeEXaHU4YeCKHe CBOMCTBA CTAJIU, UCII0JIb3yeMble B KOHCTPYKLHUAX
KpaHa, XapaKTepu3yeMble MOJYJbI YIOPYroCTH, NpeAesioM TeKy4eCTH U YCTaJOCTHOU
NpoYHOCThI0.BHamemuccienosanmnpaccmatpuBaacakpad QTZ40kuTancKOronpousBoACTBA,
KOTOpBbIM 4Yallle BCEro MPUMEHSIETC B CTPOUTEJBbHOW OTpaAC/IH, B MeTa/JIOKOHCTPYKLUU
KOTOpOM mnpuMeHsieTcsl cTaib Q345, umemwllel ciaeayolive XapaKTEPUCTHUKU: MJIOTHOCTb
MaTepuaJsa coctaBJjseT 7,85 r/cm3, npeies TpOYHOCTH MPU paCTs)KeHUU cocTaBJisieT 470-630
MIla, a npeaen TekydecTu coctaBiseT 345 Mlla. /laHHble ToKa3aTeJ Iy HEOOXOAMMbI /15 BBOJIa
B IPOrpaMMHOe obecrneyeHue i1 60Jiee KOPPEKTHOrO pacyeTa yCTaJ0CTU MeTasaa [4].

PI/ICYHOK 1. MeTOA KOHEYHBIX 3JIEMEHTOB

2.1. YcoBud 3arpy3Kuy 6alieHHOro KpaHa

KpaHbl, Kak U Bce Apyrue NogbeMHble MAallWHbBI, UCNBITHIBAIOT BHEIIHWE HArpy3KH,
BbI3BaHHble peaKLUeld IMOJHUMAeMOro rpy3a Ha MeTa/VIOKOHCTPYKLHIO CTpesbl WU
3aXBaThIBAWILEe T'Py3 YCTPONCTBO, BETPOBble HArpy3KH M HArpy3Kd OT AEHCTBHUS MaCChI
y3JI0B, KpOMe 3TOro, WCIBbITbIBAIOT BHYTPEHHUE HaNpsDKEHUs B pe3ysnbTaTe JedeKToB
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TEXHOJIOTUH, KOTOpble COU3MEPUMBbI C HANPSHKEHUSIMU OT pPabOYMX HArpy3oK. YCI0BHUS
3arpysKH OINpeJeJisiIloTCS Ha OCHOBE 3KCIJIyaTAl[MOHHBIX MapaMeTpPOB KpaHAa, TAaKHUX, Kak
BeC MOAHHWMAEMbIX TPY30B, 4aCTOTa MoAbeMa U GpaKTOPbI OKPYKAWIEH Cpesbl, TAKHE, KAaK
BETPOBbIE HAarpy3kH [3].

JlJ1s1 MoJleTMPOBAHUS CPOKa CJAYKObI KpaHa MPUMEHSIIOTCS [[UKJINYECKHE CXeMbl 3arPy3KH.
YcioBUSI Harpy»KeHHsl, KOTOpble BO3J€MCTBYIOT Ha OallleHHbIM KpaH B TeYeHHEe CPOKa ero
9KCIJIyaTallUM UTPAIT PELIAOLIYI0 POJib B ONpeAeJeHUH KOHCTPYKTUBHBIX XapaKTePUCTHUK
M YCTaJIOCTHOM JI0JITOBEYHOCTH CTAIbHBIX KOMIIOHEHTOB KpaHa. [Ipu onpejiesieHUH yCI0BUM
Harpy»KeHHs YU ThIBAIOTCS C/IeAYIOLIME TapaMeTpPhl: CTaTUYeCKHe U IMHAMUYECKHUE HAaTPy3KH.

Jlanee Heo6XoAMMO 6bLIO pa3paboTaTh CXeMbl IUKJIUYECKHX HArpy3oK, KOTOpbIe
NPUMEHSIIOTCA JJIs PEATUCTUYHOrO0 MOJEJHMPOBAHUS CpPOKAa CIAYKObI KpaHa. JTH CXEMBI
MOBTOPSIIOT LIMKJUYECKUH XapaKTep Mo beMa U ONyCKaHUs IPY30B, OTPaXKasi MOBTOPAIOIHECS
I[UKJIbl HATPY30K, UCNBITbIBAEMbIX Pa3JIMYHBIMU KOMIIOHEHTAMHU. [IpUMeHsst TMHAMUYECKYIO
Harpy3Ky, MOXKHO IIpe/iCKa3aTh, KAK KOHCTPYKIMS pearupyeT C TeueHHeM BpeMeHH, U BbISIBUTD
06J1acTH, IOTEHLIMA/IbHO NO/ABEP>XKEHHbIE YCTAJOCTH [3].

Ycs10BUS 3arpy3KH He SIBJISIIOTCS] CTATUYHBIMH; OHHU MOTYT BApbUPOBATHCS B 3aBUCUMOCTH OT
THUIIA CTPOUTEJNBHOTO MPOEKTA M 3KCIIyaTallMOHHBIX TpebOBaHUM KpaHa. PaccMaTpuBaroTcs
pasJiMuHble CLieHAapUW 3arpy3KH, Takue, KaK BHe3alHble MyCKU U OCTAHOBKH, 3KCTPEHHOE
TOPMOXKeHHEe WJIM HelpeJBUJEeHHbIE HArpy3KH, AJisd 06ecrnedeHus MPOYHOCTH KOHCTPYKLMHU
KpaHa B pa3/InuHbIX YCIA0BUSAX [1].

KosinuecTBO IIUKJIOB Pab0OThI KpaHa MOXKHO ONIPeieJIUTh 10 ciaeAytoleit popmysie (Tabauna

1) [8]:
N=N*N *T (1)
rae: NC — KOJIM4€CTBO BbIINMOJIHEHHBIX ITUKJIOB KpaHa B CYTKH;,

N_- KoJM4ecTBO pabo4MX JHEH B rof;
T - HopMaTHUBHBIN CPOK CIYKOBI.

Ta6suna 1
Knacc ucnosib30BaHMs 6alllIeHHOTO KpaHa
Kuacc MaxkcuMaJIbHOE YU CJIO0 [IpumeyaHnue
WCII0JIb30BaHUS paboyux LUKJIOB

uo 16 000 HeperynspHoe vcnosib3oBaHve

U1 32000 HeperyssapHoe vcnosib3oBaHve

[0/ 63 000 HeperynsapHoe vcnosib3oBaHve

U3 125000 HeperynsapHoe vcnosib3oBaHve

U4 250000 PerynsipHoe ucnosib3oBaHue

B JIETKUX YCJOBUSX

U5 500 000 PerynsipHOe ucII0/1b30BaHue C IepepbIBAMHU
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8)9) 1000 000 Pery/isipHoe MHTEHCUBHOE UCII0JIb30BaHUE
U7 2 000 000 VHTeHcMBHOE UCTIONb30BaHME
U8 bonee 2 000 000 VIHTeHCcMBHOE UCTIONb30BaHME

Tak>xe HE06X0AMMO pacCUUTATh, CPEJHIOI MAcCy IPy30B OallleHHOT'0 KpaHa, UCI0J1b3yeMOro
Ha faHHOM 00bekTe (Tab6.2) [3]. Ucnnosib3yeM ciieaytoiyo Gopmysy:

k=2 () @

QHOM NT

rae: Q1 — MacCcCa rpys3a, nepmMemaeMoro KpaHoM 3a 4McCJjio HUKJIOB Nl;
Q — HOMHWHAaAJIbHAA Irpy30noAb€MHOCTb KpaHa,
HOM

N, - 9KC/I0 UUKJIOB paboThl KpaHa € Tpy3oM Q ;

N, - 4KC/I0 [UMKJIOB paboThbl KpaHa 3a CPOK €ro CJIyKObl, lez N..

Tab6sunna 2
Pe)xuM Harpy>keHus 6allieHHOTr0 KpaHa
Pexxum HomuHanbHbINA KO3QOULIUEHT [IlpuMeyaHue
Harpy»eHust pacnpejieneHus
Harpysok
Q1 Jo 0,125 KpaHbl, nogHMMawne peryyaspHo Jierkye rpyssl,
a HOMUHaJIbHbIE TPYy3bl PEAKO
Q2 o 0,25 Kpanbl, nogHUMatouiie peryjasspHo cpejHUe

rpy3bl, d HOMHWHAJIbHbI€ JOBOJIbBHO 9YaCTO

Q3 J0 0,5 Kpanbl, nogHUMawue peryasspHoO TIXKeJble
rpy3bl, a HOMUHAJbHbIE TPy3bl 4aCTO

Q4 Jo1 Kpanbl, nogHuMarouiyie peryjaspHo rpyssl,
6/1M3K1e K HOMHUHAJbHbIM

3. PesysibTaThl MCC/IeA0BaHUS

AHanu3 HanpsPKeHUM sABJSETCS BaXXKHEWIIMM 3TAllOM OLEHKU KOHCTPYKTUBHBIX
XapaKTEPUCTUK CTaJbHbIX KOMIIOHEHTOB G6allleHHOr0 KpaHa NpU Pas3/IMYHbIX YCJIOBUSAX
Harpy»KeHus. ITOT 3Tal BKJOYAET NPUMEHEHUE MeTO/la KOHEUHbIX 3JIEMEHTOB JIJIsl pacyeTa
Y BU3yaJM3alUU pacnpejie/ieHUs] HaNpsbKeHUH 1Mo BCel KOHCTPYKLUM KpaHa. AHasIu3
HaNnpsDKeHUM JjlaeT LieHHYI0 MHPOpMALMI0 0 TOM, KaK MaTepUasibl pearupyroT Ha BHEIIHHE
BO3/I€HICTBUS, M IOMOTAET ONpPeAeJUTh NOTEHIHa/bHble TPOo6JeMHbIe 061acTH [7].

3D-Mozenb KpaHa pasjessieTcss Ha 6oJiee MeJIKMe 3JIeMEeHTbl C MOMOIIbI0 Mpolecca,
M3BECTHOTO, KaK CO3/JaHHe CeTKU. Pa3/iMuHbIe TUIIbI 3JIEMEHTOB, TaKue, Kak 6a/1Ku, pepMbl U
060J10YKH, BBIOUPAIOTCS B 3aBUCHUMOCTH OT T€OMETPHHU U CJI0KHOCTHU KOHCTPYKIUUU (PHCyHOK

2) [6].
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PucyHok 2. 3D-moe/1b 6allIeHHOTO KpaHa

HanpsixeHrs ¥ Harpysku onpesessiloT pacYeTHbIM Ny TEM.

[Ipu pacueTax, He0OOXOJUMBIX JIJ15l IPe0OTBPAlleHUs HACTYIJIeHUs Ipe/ieJIbHBIX COCTOSHUI
IepBOro BH/A, YYUTHIBAOT MaKCUMaJIbHYI0 Maccy rpys3a, HauboJsiee HebGJ1aronpUsaTHbIE JJis
paccYMTHIBA€MOro 3JIeMEHTA, MOJIOXKEHUE CTpeJibl, U COYeTaHUs AUHAMUYECKUX Harpys3ok,
BO3HUKAWILUX IPU PE3KUX IYCKaX U TOPMOXKEHHUSAX.

[IpaBUIbBHOE NTOCTPOEHUE CETKH BaXKHO [JI1 TOYHOI'O pacyeTa HanpsbkeHU. [uig pacdyerta
HaNnps>XeHUH UCroJb3yeTcs caeayoias ¢opmyna:

F
o= (3)

rae F — macca rpysa;

A - niomaZb AaBJIeHUS].

[Ipy aHa/sM3e YYUTBHIBAIOTCA MeXaHWYeCKue CBOMCTBA CTa/IU, UCNIOJIb3yeMOW B KOHCTPYKL WU
KpaHa, Takve, Kak MOAYJb YINPYyrocTH, Npeses TeKy4eCTH U yCTaJoCTHasd NPOYHOCTb. JTH
CBOKMCTBA OIpe/iesIAoT, Kak MaTepuaJ AepopMUpyeTCs U pearupyeT Ha BHELUIHHE Harpy3KH.
®opmyJia asacTUYHOU AepopMal U BbITJISAUT CleAyouUm obpa3omM [5]:

_ F+L

 E+A (4)

rge L - uinHa cTpeJibl 6allleHHOr0 KpaHa;
E - moaysib IOHra.

)

Hanpsokenue ¢on Museca - 3TO CKajlsipHOe 3HA4YeHHE, MOJydaeMoe U3 KOMIOHEHTOB
HaNpsKeHUS B KaXKJO0W TO4YKe KOHCTpPyKuuu [2]. OHO obecneyrMBaeT €JIUHOE 3HAYEHHUE,
npeJCcTaBJIsIoOllee NOTEHIIMAJbHYIO 0JAaTINBOCTb WK paspylleHue. MHKeHepbl UCIO/Ib3YIOT

194 N21(146)/ 2024 JLH. ['ymunes amoindarel Eypaszus yammuoik yHueepcumeminiy XABAPILBICHI.
TexHUKAIbIK FbLALIMOAD JHCaHE MEXHOA02USIAAP CePUsIChl
ISSN: 2616-7263. elSSN: 2663-1261



0npede/1eHueycmaflocmu Memasaa 6aweHHo20 KpaHa npu nomowu npocpamMMHO20 obecneyeHust

HanpspkeHHe ®oH Museca [Jisi OL[EHKU TOTrO, HAaXOASATCSA JIM MaTepuasibl B JOMYyCTUMbIX
npejeJiax, v AJis BbISIBJIEHUSI 00/1aCTel, KOTOpble MOTYT NOTPeboBaTh ycusieHus [5]. Popmyna

BBITVIIAUT CJEAYIOLUUM 06pa3oM:
Op—m = Va2 + 12 (5)

rZle: 6 — 3TO HOPMaJIbHBIN CTPecC;
T — 9TO HaNpsXKeHUe CABUTa.

OcHOBBIBasACh Ha paclpe/ie/IeHUHU HApSHXKEHWH U CBOMCTBAX MaTepuasla, MOXKHO OLLeHUTD
YCTAJIOCTHYIO JJOJITOBEYHOCTb KOMIIOHEHTOB KpaHa. KpuBad S-N, cBA3bIBalolasd Hanps»KeHue
M KOJIMYEeCTBO LMUKJOB [0 pa3pylleHusd, 4acTO MUCIOJb3yeTcad [Jid INPOrHO3UPOBAHUA
BO3MOXHOI'O BO3HUKHOBEHHSl yCTaJIOCTHOrO pa3spyuieHud. PopMmysa KoJv4ecTBa LUKJIOB
OTKa3a BbIMJIAJUT CJeAyIIUM obpasoM [7]:

Ny = (5 )m ©)

Oy-m

rze: S, - yCTaJoCTHasA MPOYHOCTb METaJl/Ia;
0. . —3To HanpsbkeHue GoH Mu3zeca;
(v-m)

m — 3TO HaKJIOH KpUBOU S-N.

K Mogeny npuMeHATCA yCa0BUA 3arpy3KH, BKJIOYasA BeC NOAHUMAaeMbIX IPy30B, 4aCTOTY
noabeMa U GaKTOPbl OKpPYKaILel cpe/ibl, TAaKMe, KaK BETPOBble Harpy3ku. Ha atom atame
MOJEJIUPYIOTCS CLleHapUU NpaKTH4YeCcKHhe, 4YTO I03BOJISeT HHXKEHepaM HabJywoAaThb 3a
HoBeJleHueM KpaHa B Pa3/IMUHbIX YCAOBUSAX 3KCILJIyaTaluH [5].

Mogesb nogBepraeTca rpaHUYHbIM YCJI0BUAM, IPeJCTABJSIOIIUM OTPaHUYEHH, KOTOphIe
VMUTHPYIOT peaJibHYI0 Cpely KpaHa. ITH OTPaHUY€eHHUS BKJIOYAKOT KpeIJeHUs B OCHOBAaHUU
WJIM COeJUHEHUA C PYTMMU KOHCTPYKLUAMU. 'paHMYHbBIE YCJI0BUA UTPAIOT pellalInyo poJib
B OIlpe/ieJIEHUH TOTO, KaK KpaH B3aUMOJEeUCTBYET C OKpYKaroliel cpefjou.

[IporpaMmMHoe o6ecnedeHre MK3J paccyuTbhiBaeT pacipefesieHHMe HaNpsKEHUH MO BCel
KOHCTPYKLIMH KPaHa, 3TO JaeT BO3MOKHOCTb BU3ya/IM3MPOBATh KOHLIEHTPALUIO HAIPSXKEHU N,
xapakTep JepopManui UM KpUTHUYECKUE TOUKH, BKOTOPBIX KOHCTPYKLIUS HauboJiee No/iBep>KeHa
yctajsocTu. 06/1acTH € BBICOKMM HalpsKeHUEM TIIATeJbHO MCCAe0BaJUCh Ha INpeJMeT
HNOTeHUA/IbHBIX YI3BUMOCTEN KOHCTPYKIIUU.

AHanv3 HanpspkeHUH NOMOr BbISIBUTb KpPUTHYECKUE 006J1aCTH, B KOTOPBIX BEpPOSTHO
BO3HHKHOBEHHE YCTAJIOCTHBIX IOBPEXJEHUM, U3ydYeHUe KOTOpPbIX JAacT BO3MOXXHOCTb
JlasibHel el MoAuduUKalMU KOHCTPYKLUHU /51 MOBbILIEHUS 00llel CTPYKTYPHOU 1e/10CT-
HoCTU KpaHa (PucyHnok 3), (PucyHoxk 4) [6].

Haub6osiee Hanpsi>KEHHBIM MECTOM CTpeJIbl IBJISETCA COeJUHEHME C OTTSXKHbIM KaHAaTOM, B
ballHe - ee OrOJIOBHUK. JKCTpeMaJibHble YCUJIUS U HAalPSXKeHHUS B CTpeJsie BO3HUKAIOT, Korja
Ipy3 HaXOAUTCA Ha MaKCHMMaJIbHOM BbLJIETE.
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PucyHok 3 - MKJ HanpszxeHHMs Ha cTpeJie KpaHa

[lo cyTu, aHanu3 HaNpsH>KEHUM SIBUJICS KJIIOYEBbIM 3TAllOM MeTO/a KOHEYHBIX 3JIEMEHTOB,
JIal0lUM TNOJIHOE NpeACTaBJeHHEe O TOM, KaK CTajJbHasi KOHCTPYKLMsS OalleHHOro KpaHa
pearupyeT Ha pa3JIMUHble YCJIOBUS HArpy3kKd. JTH 3HAHUS UMEKT pellarollee 3HaYeHHe
JUIs1 ONTUMU3AL UM KOHCTPYKLMH, obeclieueHHUs1 6€30NaCHOCTH Y NPOAJIEHUs CPOKa CIY>KObI
KpaHa [6]. Bsarogapss 3TOMy, MOXXHO BbIIBUTb KpPUTHYECKHe MeCTa KpaHa M YCTaJ0CThb
MeTa/IJIOKOHCTPYKIMU AJid 60Jiee TILATEJbHOT0 00CTY>KMBaHUS.

4. BeiBOJ,

YcTaHOBJIEHO, UTO COBpEMEHHbIE UHXXEHEPHbIE TEXHOJIOTUH JAI0T IeHHY0 HHOpMaIMIo O
CJI0’KHOM MOBeJIeHUH KpaHa B pa3JIMYHbIX YCJA0BUSAX HAarpy3KHU.

BrIsiBJIEHO, YTO aHAJIM3 YCTAJOCTHOM A0JrOBEYHOCTU CTAJIbHOM KOHCTPYKI UK OALIEeHHOT O
KpaHa c nomouibio MK3, olleHKa NpuUroHOCTH K 3KCIJIyaTallMY, HallpaBJeHHOW Ha UCIOJIb-
30BaHMe NepPCNeKTHUBHON KOHCTPYKIUH, IBJISIETCS KJIOYEeBbIM NIPOLECCOM B 0OecrieYeHU U UX
6e30IaCHOCTH, HAIe?KHOCTH U JOJITOBEYHOCTH.

KoMniekcHbIM MOAXO0/[, MPUBELEHHbIM B 3TOW CTAaThe, BKJIOYAEeT MOJEJUPOBAHME KOHCT-
PYKL MU, ONpeJieJieHHe YCJIOBUM HAarpy>KeHHs Ha OCHOBE 3KCIJIyaTallMOHHbIX MapaMeTPOB U
rcnosb3oBaHue MKD a5 aHasnv3a Hanpsi>keHUU. B xo/ie viccien0BaHus YYUTBIBAJUCh TaKKUe
KpUTHYECKHE (PaKTOpPbl, KaK BeC MOAHUMAEMbIX T'PY30B, 4YaCcTOTAa MOJbeMa U 3JIEMEHThI
OKpY>Kamwllel cpejibl, TAKHE, KaK BEeTPOBble HArpy3KH. YUYeT CBOWCTB MaTepHhasia U TOYHbBIX
IrPaHUYHBIX YCJIOBUHM 00ecredyn/ivd JeTalbHOe IOHUMaHUe TOro, KaK CTaJibHble KOMIIOHEHTHI
KpaHa pearvpyloT Ha BHeIlIHHWE BO3/ielcTBus [8].
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YcTaHOBJIEHO, 4YTO METOJ, KOHEYHBbIX 3JIEMEHTOB TMO03BOJISIET [JEeTajJbHO U3YUYUTh
KOHCTPYKTHBHYIO I€JIOCTHOCTh OallleHHOTO KpaHa, I03BOJiss HHXXeHepaM MPUHUMATh
OCHOBaHHbIE Ha JAHHbIX pelleHUs M0 YCOBEPUIEHCTBOBAHHWIO KOHCTPYKIIMU, YTO MOBBILIAET
6e30MaCHOCTb U HAJEXHOCTb KpaHa, TaKXe CcrnocobcTByeT o6uiedl 3QpQPeKTUBHOCTH H
NPOAYKTUBHOCTH CTPOUTEJbHBIX TPOEKTOB.

[TocKOJIbKY CTpOHTe/IbHAsl OTPacC/b MPOJIO/KAET PAa3BUBATHCS, UHTeTrpalus IepeoBbIX
WH>XeHEPHBIX METOI0JI0TUH, TaKUX, Kak MK, mogyepKkuBaeT NprUBEPKEHHOCTb K MHHOBAIUAM
1 6€30MacHOCTH.

BbIBO/IbI, MOJIyYeHHblE B pe3y/bTaTe aHajJu3a Harpy3okK, 00ecleyrMBalOT OCHOBY [Jis
NPUHATHUS 0OOCHOBAHHBIX pellleHWH, B KOHEYHOM CYeTe CIOCOOCTBYsS pa3paboTke GoJiee
YCTOMUYMBBIX U I0JITOBEYHbIX OAlllEHHbIX KPAaHOB, KOTOPbIE UT'PAIOT >KU3HEHHO BaXKHYI0 POJIb B
bopMHUpOBaHUY Halllel 3aCTPOEHHOH Cpe/ibl.

Bkiiag aBTOpOB:
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AppgaTtna. Makasafa MyHapa KpaHZapbl 60JlaT KOHCTPYKLMSJIAPBIHBIH NaljanaHy 6epikTirin
Oafasiay yuriH mekTi asieMeHTTep dficiH (II39) KosmaHy KapacTeIpbLiagbl. LIUKAAIK KYKTEMeHIH
3UAH/bl BIKIAJIbIH TYCiHY apKbLJIbl COHFbI 3JIEMEHTTEP 9AiCi MHXKeHepJiepre KepHeyAiH TapaJjyblH
MoJiesibJleyre KoHe TasJayFa, TO3YAbIH OepiKTiriH 6osnkayra, KypblabIiMJapAbl OHTaWJIaHABIpYFa
MYMKiHAiK Gepeai. MakanaZa KypblIBIMABIK MOJesbJey[eH 6acTam KepHey/i Taajay MeH To3y
pecypchbiH 6o/KayFa AeliHri Heri3ri Macesiesiep aHbIKTa/IFaH. MyHapa KpaHAapbIHbIH Kayirncisairi MeH
TO3IMJIJIITIH apTTHIPY YIIiH OHTAaW/bl 9ficTep KyheseHreH. bys KemeHAl Taciyl MaHbI3[bl KYpPBbIIbIC
YKabIbIKTAPbIHBIH, OEPIKTIri MeH CeHIMZiJIIriH KaMTaMacbl3 eTy YIIiH 03bIK HHXXeHepJiK ajicTepAi
GipikTipyaiH MbIcasibl 60J1a alajbl.

Ty#iH ce3aep: MyHapa KpaHbl, MeTaJAbIH TO3YhI, lIEKTIi 3J1eMeHT ajici, Solidworks, 3-D moznenbaey

A. Tulekov?, B. Sazambayeva?, A. Kenesbek?, I. Kenesbek!
IL.N. Gumilyov Eurasian National University, Astana, Republic of Kazakhstan

Determination of metal fatigue of a tower crane using software

Abstract. This article discusses the application of the finite element method (FEM) to assess the
fatigue life of steel structures of tower cranes. By understanding the detrimental effects of cyclic loading,
the finite element method allows engineers to model and analyze stress distribution, predict fatigue life,
and optimize structures. The article describes the key stages, from structural modeling to stress analysis
and fatigue life forecasting, and emphasizes the importance of these methods to improve the safety
and reliability of tower cranes. This comprehensive approach is an example of integrating advanced
engineering techniques to ensure the durability and reliability of critical construction equipment.

Keywords: tower crane, metal fatigue, finite element method, Solidworks, 3-D modeling.
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Hcnosib30BaHMEe MHHOBAIIMOHHbIX MATEepHUaJI0OB AJIA p33p360TKI/I
OalleHHBbIX KpaHOB
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AHHoOTanMs. B aToil cTaThbe NPOBOAUTCA CPAaBHUTEbHbIM aHa/IN3 KJIaCCUYECKON CTaU U
KOMIIO3UTHBIX MaTepHaJIoOB, UCCIAEAYIOTCH UX COOTBETCTBYIOLME CBOMCTBA U 06J1aCTH NTpHUMe-
HeHHUS B KOHTEKCTe pa3paboTKH OGallleHHbIX KpaHOB. CoueTaHHe 3TUX MaTepHal0B yYUTbIBAET
Takue GaKTOphl, KaK IPOYHOCTh, BEC, CTOUMOCTb U JJOJITOBEYHOCTb, OTPakasl MHOTOTPaHHbIN
MpOIecC NPUHATUSA pelieHUH, KOTopbld GOpMHUpPYeT BbIGOP MaTepHUaIoB B CTPOUTENbHOH OT-
pacju.

BamreHHble KpaHbl, HeOTbeMJIeMass 4aCTb CTPOMTEJIbHONW OTpAC/I, TPaAULMOHHO H3ro-
TaBJMBAJINCh U3 KJACCUYECKOHN CTalM U3-3a ee NPOYHOCTHU. OJHAKO NMOSABJEHHE KOMIIO3UT-
HbIX MaTepHaJoB 6pocaeT BbI30B 3TOH HOPMe, 06ellasi BEICOKYIO IPOYHOCTb U MeHbIIUH Bec.
MKD3-aHanu3 Ucno/b3yeTcs AJs MOJeNUPOBaHUs U aHa/Iu3a CTPYKTYPHOTO NMOBeJleHUs 3TUX
MaTepHuaJioB B Pa3JIMYHBIX YCIA0BUSAX, 06ecreyrBasi BCECTOPOHHEE IOHUMaHUe pacnpe/iesieHus
HaIpsDKeHUH, xapakTepa JedopMaluu U o6Liel 11eJIOCTHOCTH. B cTaThe HccieAyoTcs Takue
Ba)kKHble GAaKTOPBHI, KAK COOTHOLIEHUe IPOYHOCTH K Becy, JUHaMUYecKasl Harpy3Ka ¥ 3KOHOMMU-
yeckasd 3¢pPEeKTUBHOCTD, UYTO B KOHEYHOM UTOTre JlaeT LieHHYI0 HHPOPMAIUIO AJs1 NPUHATUSA
060CHOBAaHHBIX pellleHHH B 06/1aCTH NPOEKTUPOBAHUS U CTPOUTEIbCTBA OallleHHbIX KPAaHOB.
Takoe BcecTOpOoHHee NIOHUMaHUe 06Jier4aeT JieTaJlbHOe CpaBHEHHE 3TUX MaTepHaJioB C TOUKHU
3peHUs UX KOHCTPYKTUBHBIX XapaKTePUCTHK, IPOJIMBasi CBET Ha UX COOTBETCTBYIOLIME NIpeu-
MyIleCTBa U OTPaHUYEHHS.

[To cyTy, Liesib 3TOM CTaThbM - JaTh UHKeHepaM, JIULaM, IPUHUMAIOIIUM pelleHHus, U Ipo-
deccruoHasaM OTpaciy BCECTOPOHHEE Mpe/CcTaBJeHue 0 KOHCTPYKTUBHBIX TOHKOCTAX U JIU-
HaMH4YeCKOM NOBeJIeHWH KJIACCUYECKON CTaJM U KOMIIO3UTHBIX MaTepHUaoB B KOHTEKCTe
pa3paboTKU OallleHHbIX KpaHOB. M cllo/1b3yst KOMIIbIOTEPHOE MOJeJIMPOBAaHUe, HCCIe/JoBaHU e
JlaeT LeHHY0 HH)OPMAIMIO JIJIs1 NPUHATUSA CTPaTernyecKUx pelieHuid, NpokJa/ibiBas NyTh K
NpOABHXKEHUI0 3¢ PeKTUBHBIX, HAZEKHbBIX U YCTOMYMBBIX TEXHOJOTHH GalleHHBbIX KPaHOB B
CTPOUTENbHOM OTPACIIH.

KiioueBble c10Ba: 6alieHHbIN KpaH, I'Py30I104beMHble MalllMHb], KOMIIO3UTHbIE MaTepHa-
JIbl, YIJIEBOJIOKHO, CTEK/10B0JIOKHO, MK3-ananus.
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1. BBeaenue

B AMHaMHUYHOHN CTPOUTENBHOM OTpAc/au pa3paboTKa U 3BOJIIOLHUOHUMpPOBaHUE GallleHHbIX
KpPaHOB WUI'PAIOT KJIIOYEBYIO POJIb B MOBbILIEHUH 3 EKTUBHOCTH, 6€30MACHOCTH U OOILHUX CPOKAX
peanu3anuu npoekTa. baleHHble KpaHbl TPaJULMOHHO U3Tr0TABJIUBAJIMCh C UCII0JIb30BAaHUEM
KJIaCCUYECKHUX CTa/IbHbIX MaTepHaJsIOB OJlarofaps HMX XOpOLIO 3apeKOMeH/|0BaBllel ceb6s
IPOYHOCTU M JoJjroBedyHOocTH [3]. OfHAKO HeJaBHUE YClleXd B MaTepUaOBEJEHUH MU
WH)XeHepUH BbIBEJIM KOMIIO3UTHbIE MaTepHaJIbl HAa IEPBBIH IJIaH, TPEJ[CTABUB Y6eAUTE/bHYIO
aJibTepHAaTUBY T'OCNOJACTBY CTa/d. TpaJiIMIIUOHHO U3rOTOBJIEHHbIE HAa MPOYHBIX CTaJbHbIX
byHlaMeHTax 3TU KpaHbl IPOJEeMOHCTPUPOBAIN HAZIEXKHOCTb 3a JIeCATHJIETHS 3KCILIyaTal .
OZHako nosiBJieHHe KOMIIO3UTHBIX MaTepHUaJsioB, OTJIMYAIOLIMXCS CBOMM JIETKHUM, HO NPOYHbIM
COCTaBOM, MOOGYAUJIO K INepeoleHKe OOGLIeNPUHSTHIX MpeJCTaBJIeHUA 0 KOHCTPYKIUU 6Ga-
HIEHHbIX KPAHOB.

BalHs U cTpeJia KpaHa COCTOST U3 CTEPKHEBOW KOHCTPYKIUH, I/le CTEPXKHHU - U/leabHbIH
3JIeMeHT JJisi NPUTrOTOBJIEHUS BOJIOKHUCTBIX KOMIIO3WIIMOHHBIX MaTepHUasioB, KOTOpble
3¢ deKTUBHBI NPU NPOAOJTBHOM HArpyKEHHUU.

JTo Uccej0BaHUE — HE IPOCTO CPaBHEHUE [IBYX MaTEPHUa/IOB; 3TO UCCIe[J0BaHUE OYAYLIEro
CTPOUTEJIbHBIX TEeXHOJIOTHNU. OTNpaB/sisicb B 3TO CPAaBHUTEJbHOE MyTellecTBUE, BAXKHO
0CO3HaTb NP06JIEeMbl U BO3MOXHOCTH, KOTOPbIE MPEACTABJSIOT KaK KJacCU4yecKasl CTajlb, TaK
¥ KOMIIO3UTHbIE MaTepUaJbl.

M3BeCcTHO, YTO KOMIO3UTHble MaTepHasbl COMOCTAaBMMbI CO CTaJbHbIMHU U HMEIT
XOpOIlIMe MOKasaTesJd M0 MPOYHOCTH, Macce, JOJTOBEYHOCTH, YIPYTOCTH, 3KOJOTHUYHOCTH,
3KOHOMUYHOCTH U JP.

PaccMoTpeHHe BOINpPOCOB, TOCBSAIIEHHBIX OCHOBAaM KJIACCUYECKOM MPOYHOCTU W
MHHOBALMOHHbIM [epCNeKTUBaM KOMIO3UTHbIX MaTepuasoB, MOATrOTaBJHWBAEeT MOYBY
JUIsl 1eTaJIbHOTO H3y4YeHUsi AaKTOPOB, BJIUSAIIIUX HAa BbIOOP MaTEpPHAIOB B IMOCTOSHHO
pasBUBamwIeNcs 06/1acTH pa3paboTKU OGallleHHbIX KpaHOB. [1o cpaBHEHHIO € KJIaCCUYECKUMU
MEeTO/IaMH I10 yJIy4dIllleHUI0 6allleHHbIX KPAaHOB, KOTOPble OCHOBAHbI HAa YCUJIEHUH KOHCTPYKIUU
B KPUTHUYECKUX MeCTax, B MeTO/e UCIO0JIb30BaHHUS KOMIO3UTHBIX MaTepHUaI0B HEOOXOUMO
YUYUTBHIBATh Pas/IMuHbIe Helpe/cKa3yeMble siBieHUs [4]. OAHUM K3 TaKUX SIBJIEHUU SIBJISIETCS
4aCTOo pacnpocTpaHeHHas NpobJieMa KOMIIO3UTHBIX MaTePUaJIOB - 3TO BHYTpeHHsAS AedopMaLus
MaTpPHUIbl, 0COGEHHO JIoKa/IbHast. PaKTUUECKH, B TPOLECCe ONMTUMU3BAIMHY, C [[eJIbI0 YMeHbILIeHUS
Beca, TOJIIIMHA KOMIIOHEHTAa yMEHbIIAeTCs, U IMO03TOMYy SIBJIEHUs NOTepU YCTONYMBOCTU
CTaHOBSATCS 60J1ee BAXXHBIMHU [2]. K mpuMepy, ofHHUM M3 Han6oJiee BAXKHBIX KPUTEPHUEB B ITPOIIECCe
IPOEKTHPOBAHHUA CTPeJibl GallleHHOT0 KpaHa sIBJseTCsl Harpy3ka Ha u3ru6 [8]. Komnosur - aTo
MaTepHuasl, COCTOSIUMNA U3 HECKOJIbKUX KOMIIOHEHTOB, T.€. MAaTPHUIbl U BOJIOKHA, IJle MaTpUlia
obecrieyrBaeT MOHOJMTHOCTb MaTepuasa. KoMmosuTHble MaTepuasbl NPU NPaBUJIbHOU
Nno00pKe UX COCTaBa UMEIT BbICOKUU KO3 PULIMEHT NPOTUBOCTOSAHUSA U3THOY [6]. C10KHOCTD
3aKJ/II0YaeTCcsl B HeNpeJBUJEHHOM INOBeJJeHUH KOMIIO3UTHOrO0 MaTepuasja MpU pas/MYHbIX
YCJIOBUSIX CPeZibl, TAKXKE PacyeT ero 0CTaTOYHOro HanpsikeHus [5].

[71aBHOM Lie/1bI0 JAaHHOT'O MCCJe/l0BaHUsl OyZleT CpaBHEHHE KJIaCCUYeCKUX MaTepHuaJioB C
KOMIIO3UTHBIMU Ha MIpeMeT UX U3MEHYMBOCTU U MPOTUBOCTOSIHUIO KPUTHYECKUM HarpysKam,
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Hcnosawv3osaHue UHHOBAYUOHHbIX Mamepua/ios o pa3pa6omKu 6auweHHbIX KpaHos8

M3ru6aM B KOHCTPYKLMM CTpeJibl U OallHU KpaHa [9]. B 4acTHOCTH, OCHOBHOH 11€JIbI0 3TOTO
MCCJIeJI0BaHUS SIBJISIETCS OLleHKA KPUTHUYECKON Harpy3Ku Ha U3rub u gepopmaium [9].
B cBSI3u c TeM, UTO KpUTepUd pPabOTOCHOCOOHOCTH - 3TO YCJIOBUE YCTOWYHUBOCTH,

omnpeziesisieMblii THUGKOCTBIO A = T £ , T03BOJISET CpaBHUBATb CTepXHU epM U3
o-n

pa3/iM4HbIX MaTepuasioB. ObecrneyeHrWe paBHOM TMOKOCTH CTepKHEH, BBINOJIHEHHBIX W3

pas/IMYHbIX MaTepHaJIOB, IO3BOJIMT NPUMEHATh KOMIIO3UTHBIE MaTepHualbl [locie npoBeneHus

3KCIepUMEeHTaJIbHON YacTU UCCJe[J0BaHUSA HAIJIAAHO OyZeT BUAHA pa3HHULA B CMELEeHHUU U

HaNpsSXKeHUU KJIaCCUYeCKUX MaTepHuaJsioB [0 CPaBHEHUIO C KOMIO3UTHBIMH [1].

2. TeopeTuyeckas 4acCThb
2.1 TexHu4YecKUe XapaKTEPUCTUKHU KpaHa

TexHuyeckass XapakTepucTHKa OamieHHoro KpaHa QTZ 80A (Ta6auna 1). bameHHbIN
kpaH QTZB0A - 3TO KpaH C YCHJIEHHOM KOHCTPYKIMel, pa3pab0oTaHHbI B COOTBETCTBUHU
c GB/T5031 u GB5144, c HOMHUHaJbHBIM MOMeHTOM mnogbeMa 80 T*M M MakcUMaJbHOUN
rpy30N04beMHOCTbIO 8 TOHH. /laHHBIM OalleHHbIA KpaH 00J1a/laeT rpy3onogbeMHOCTbI0 1,1
TOHHA Ha MaKCMMaJIbHOM BbLIeTe cTpeJibl 60,2 M (PucyHnok 1) [7], 4To fiB/sieTCA MaKCUMaJIbHO
BO3MOXXHbIM KPUTHYECKUM [0Ka3aTesieM B KOHCTPYKI[MU CTpeJibl. ballleHHbIN KpaH siBJIseTCs
HauboJiee ONTHMaJbHBIM B CErMEHTe IleHa-KayeCcTBO U 00J1afjlaeT BCeEM He0O6X0AUMbIM
dyHKIIMOHa/IaM B COBpeMeHHbIX peansix. KOHCTPYKTOpPCKUE U 3KCIIepHMeHTaJIbHbIE PACUEThI
JlaHHOM MO/ieJ1d MO3BOJIAIT CO3J,aTh MeTOAUYECKOE TOCOOKME N0 ONTUMU3AL MU JPYTUX MOJeJler
OalleHHbIX KPaHOB M0 NPUMEPY JAaHHOM MCC/ej0BaTelbCKOM paboThl. Huxke nokasaHa Mojesb,
caenanHas B SolidWorks [8].

PucyHok 1. Mogeb 6ameHHoro kpasna SolidWorks
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A. Tyaexos, b. Casamobaesa, b. Tozusbaesa, V. KetiecOex

Ta6snna 1
TexHU4YecKHe XapaKTepUCTUKH GallieHHOro kpaHa QTZ80A
[TOKA3ATEJIb \ UCIIOJIHEHHE Changli 5512
MaxkcuMaJibHbIN TPy30BOM MOMEHT, KH-M 800
['py3onoabeMHOCTh MaKCUMaJibHas, T 8
['py3onogbeMHOCTh HA MAaKCHUMaJbHOM BBLIETE, T 1,1
BruieT MakcuMaJIbHbBIN, M 60,2
BricoTa nog’beMa cBOOGOJHOCTOSIIETO KPaHa, M 46
BricoTa nogbeMa MakcuMaJibHasi, M 150
CkopocTh no/ibeMa HauboJblliel Macchl, M/MUH 20
CkopocTh no/ibeMa rpy3a HauboJiblasi, M/MUH 40
CkopoCTb U3MeHEeHHs BblIeTa C IPy30M, M/MUH 10/30/60
YactoTa BpaleHus, 06/MUH 0-0,6
Macca cBo6oiHOCTOsI1IeTO KpaHa (6e3 mpoTUBOBeca U 6aJjiacTa), T 46,4
Macca npoTuBOBeca, T 15,5

2.2 Pazmepbl cmpebl 6auleHHO20 KpaHa U e20 NpOYHOCMHOU pacuem

CTpesia GallleHHOTO KpaHa SBJSETCS OCHOBHOW CHUJIOBOM KOHCTPYKLHEH, KOTOopas
npeJcTaB/sieT U3 cebs CI0KHYI0 GepMy ¢ IPOTUBOBECOM Ha JpyroM KoHle. Kax/jas cekuus
cTpesibl coctaBisieT | = 3,5 MeTpa, BbicoTa cTpesbl a = 1,84 MeTpa U miMpuHa b = 2 MeTpa
(Pucynoxk 2) [7]:

44444434407 1 A

PucyHok 2. Ctpesia 6allieHHOT0 KpaHa

Hcnonb3ys opMysny nporubda cTpesibl 6allleHHOr0 KpaHa, MOKHO pacCUMTAaTh MUHUMAJIbHOE
3HaueHHe MOMEHTA UHEPLHH, KOTOPbIM J0J/KeH 00J1a/laTh pbluar, YTOObI COOTBETCTBOBATh
OTpaHUYeHUI0 JonycTuMoro oTkJoHeHUs [10]. C mnomouibl0 MNOJy4YEHHOrO 3Ha4YeHWUs,
WCIOJIb3ysl TaGJUIbl CTAaHAAPTHBIX MPOoPUIEH CTpesibl, MOXKHO ONpeAeJUTh TUIl U pasMmep,
KOTOpBbIN OyJleT HUCHO0JIb30BaThCSl B HalleM ucciaefoBaHuU. Popmysa MOMEHTA WHEPIUHU
BBITVIIAUT CJIEAYIOLUUM 06pa3oM:

3
3edyp

(1

rae:

F - cusia uiu rpys AelcTBYOLIMM Ha CTpeJy;
L, - asuHa cTpesbl;

€ — MoayJsb lOHra;

d, - 0TyCTUMOE OTKJIOHEHHUE CTPEJIb.
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Ucxonsa v3 3Ha4eHUH, NOJIyYeHHBbIX MPU pacyeTe MOMEHTa MHEPLUH, MOXKHO IMOJYYUTh
c/eflytolie 3Ha4YeHUsl U3 HOPMATMBHBIX TAOJIHMI[ IUIOUAAb IOIEPEYHOro cevyeHuss S, u
compoTuBJieHUe R, .

Jlasee, nMes 3HAYEHUSA MJIOTHOCTH P, JVIMHY CTPeJIbl L, 1 MJIOIA/iK MOTIEPEYHOro CeYeHus
S,, MOXKHO HAWTH BEC CTPEJIbI P,:

Py, =5y xp=*Ly (2)
Jlasibllle MOXKeM pacCYUTaTh BeC HAa 1 MeTp KOHCTPYKLUU CTPeJIbl:
P =Sp *p*1Mm 3)

Oo6maa gedopmanusa crpesbl d = NOpeAcTaBadeT U3 cebsd CYMMY TpeX COCTaBJISIOLIUX:
b

Aedopmanuio cTpesinl M3-3a rpysa d, Jedpopmanuio u3-3a Beca CaMOM CTPeJIbI dp U nedopmarliyio,

KOTOpas nosBJisAeTcs npu casure d [6]:

4
_ FxL} 4 Frly Fp,*Lp
el GSy 8¢l

db =dl +dp +d5 (4)

Hcxonss M3 HOPMATHUBHBIX JOKYMEHTOB MO KOHCTPYKLMU M pa3MepoB CTpeJibl KPaHOB
NPUBENEHO CJeJylolllee 3HaYeHWe OTHOLUEHUS JJIMHBbI K 00LieMy JIONYCTHMOMY OTKJIOHEHHUIO,
KOTOpOE JI0JKHO ObITh 6oJibllie Wir paBHO 800. YT0OObI cTpesia COOTBETCTBOBa/Ia OIPaHUYEHUIO,
HaJlaraeMoOMy Ha U3rub, He06xX04UMO yOeAUThCS, YTO:

L
-2 > 800
dp

MakcuMasbHOe CyMMapHOe HalpskeHWe O, Ha KOHIle CTpeJibl ONpejessAeTcs CyMMOH
HaNpsDKEHUs OT IPy3a 0, M OT BeCa 0, CaMOM CTpeJIbl GallleHHOr0 KPaHa, ero MOXHO pacCyuTaTh
no ciaegyrouieit popmysie [u]:

FxLy, . Fpy*Lp (5)

o, =0+ 0, =
b LEEP ™ g, 2%R,,

Jlajiee HEOOGXOMMO pacCUUTATh KPUTHUYECKYI0 HArpy3Ky Ha CTpeJly 6allleHHOTO KpaHa,
KOTOpasi UMeeT TPeyroJibHyI0 GopMy B ceueHUH. [|Jis pacyeTa CHJI, KOTOPble U3TUOAIOT CTPeJTy
GalleHHOro KpaHa, He06X0MMO HalUTH IJIOIA/b CeYEHHMsI CTPEJIbI S,

bi—ay*b
Sb — ag* 12‘12* 2 (6)

Jlasiee BbIYMC/II€eM reOMeTpUYECKUE XapaKTEePUCTUKU CedeHUs CTpeJibl, MOMEHT UHEPLUHU
CTpeJIbl |, :

_ bl*ai—bz*ag

Jpx = 2R ©)
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W MOMeHT conpoTHB/IeHUs U3TUGY M0JI0T0 TpeyroabHuKa W, :
bl*ai—bz *a%
Wy, = (8)
2(6*611)

U3 ycioBUA NPOYHOCTH [OMYCKAaeMbl KPYTAILIMHA MOMEHT CTpeJibl NPU TPEYroJbHOM
CEeYeHHH CleAyromui M, :

[be][r] =[] * Wy 9)

rze:
[t] - momycTHMOe KacaTeJbHOe HallpsiKeHUe.
M3 yc/10BUS XKECTKOCTH JONYCKAaeMbIH KPYTALIMA MOMEHT JIJI51 CEUEHUS CTPeJibl 6allleHHOT O

KpaHa M, 6yzeT cieyroIuMm:

(10)
rje:
[6] - momycTUMBle yIJibl 3aKpyYUBaHUS;
@ - K03PPUIUEHT HAZIE)KHOCTH 110 Harpy3ke.
[l HaxoXJeHHUsl [JI0NyCKaeMOro KpyTsIlero MOMeHTa HeOo6XOJAMMO 3HaTb MOJYJb
YOPYTOCTH NPU KpyuyeHUH, GopMysia BBIVIAAUT caefytoluM o6pa3om G:

€
G =——
2(14v) (11)
rae:
v - ko3 ounueHT [lyaccoHa.
Heo6xojuM0 HalTH TapaMeTp Kpy4yeHus [3:

(12)

Jlasiee HaxoMM MapaMeTp HAarpy3KH Ha CTpeJty 6aieHHOro KpaHa E:

2uxp

mw*xa

rje:
a

[ = — —3TO MeCTO, OTKY/|a HaYUHAETCsA HarPy3Ka Ha CEYeHUH CTPesbl.
2

[asnee, ucxonsa U3 napaMeTpOB, HAWAEHHBIX BbIle, MOXXHO HAUTHU KPUTHUYECKYI0 HAarpysKy
F, /11 KOHCOJIbHOM GaJIKU TPEeyroJibHOW GOPMbI € COCPEOTOYEHHOMN HAarpy3kou 1,1 TOHHBI:

1.2(E-0.1) EWxGJx
Fy = (11 (1+ 7557) +4(6 - 2) (1 " \/1+1-22(E—0-1>2>) Ly

OLLHI/IM M3 OCHOBHBIX IPEUMYLIECTB HCII0JIb30BAHHWA KOMIIO3UTHBIX MaTE€pPHUaAJIOB AJIA CTPEJIbl
OallleHHOTro KpaHa ABJIAE€TCA BO3MOXHOCTbD CYLIECTBEHHOI'O CHUXKEHH A BECa. KoMno3uTsl, 6y,[1y‘{l/l
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10 CBOEH MPUPO/ie JIETKUMH, CIOCOOCTBYIOT CHIXKEHHIO 0OILEr0 Beca CTPesIbl. ITO CHIKEHHUE
Beca OKa3blBaeT KaCKaJlHOe BO3/IeHMCTBHE Ha BCI0 KOHCTPYKLMIO KpaHA, BJHUssS Ha TaKHe
baKTOPBI, KaK TPAHCIIOPTHbIE PACX0/bl, TPOCTOTA COOPKHU U HECYIasi CIIOCOGHOCTD.

Kommosutsbl

HW3BE€CTHbI CBOMM BI€YaTJIAIOUIMUM COOTHOIIEHHWEM IIPOYHOCTHU K BecCy.

Hcnosb3ysa aHa/IM3 MeTOZ,0M KOHEYHbIX 371eMeHTOB (MK3J), koMaH/ja UHKEHEPOB MOXKET TOUHO
CMOZIeJIMPOBATh U IPOAHAJM3UPOBATh KOHCTPYKTUBHbIE XapaKTEPUCTUKHA KOMIIO3UTHOMU
CTpeJibl. ITO MO3BOJIMJIO Obl MPOBECTH ONTHUMM3ALUIO, TAPAHTUPYS, YTO CTpeJia COXPAaHUT
TpebyeMylo NIPOYHOCTb IPM MUHUMU3ALMM HEHY>KHOT0 Beca.

L, - nyvHa 6aiHy;
€ - moaynb OHra;

2.3 Pasmepbl 6auwHU KpaHa u e2o NpoYHOCMHOU pacvyem

/i omnpepesieHUs1 TOYHBIX pa3MepoB OalllHU KpaHa Mbl OyZeM
UCI0/Ib30BaTh NPAMOYTOJIbHYI GepMy, IIMpHHa a, U JJinHa b KoTopoi
cocrapiser 1,84 merpa. Beicota GaiiHu cocTaB/isieT 46 MeTpoB h,
(Pucynok 3) [7]. OpuH KoHel GallHM OYAET >XeCTKO NpPUKpeIJeH
dbyHIaMeHTOM B 3eMJIIO U Ha [pyrol KOHel, Oy eT *KeCTKO IPUKpeIJieHa
cTpesa, AJis 60Jiee HaIJISJHbIX TapaMeTPOB Harpy3KH.

Obmee coxuMmarouee ycuavne F u MomeHT M, 006y-cioBJieHHbIE
NOJAHUMaeMbIM BeCOM CaMOW OallHM, BECOM Ipy3a U BECOM CTpeJibl,
MOTYT ObITh PAaCCUMTAHBI KaK:

Ft0t=Ft+Fp+Fb (15)

M = Ly (F, + £ (16)

MoMeHT MHepuUUM [AJs GallHU KpaHa OYyAeT paccyd-ThbIBATbCA MO
cnepytouieid Gopmye:
3

I = (17)

ZSdt

rie:
M - MOMeHT Kpy4eHHs, KOTOPbIX OKa3blBaeT HAa KOHeL, 6alllHU CTpeJa;

d, - JomycTHMOE OTKJIOHEHHWE GalllHH.

[Tosry4rB 3HaYeHHsI MOMEHTA MHEPUUH [, MOAyJIsi COMPOTHUBJIEHHUS

Pucynok 3. bainsa kpana. R ¥ nuiomia/ iy nonepevHoro ce4yeHus S, 6auiHy KpaHa, o6uiui Bec P,
¥ BEC Ha eJJUHUILY IVIMHBI P, MOXKHO PacCYUTaTD M0 CJAeAYIOIUM popMysiaM [H]:

P =5 *xpxL, (18)
P =S *p*x1lm (19)
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Jlepopmanysa 6aliHy, BbI3BaHHAsA CKUMAIOLIeH CUJI0H d, BJ0JIb BEPTUKa/IbHOK OCH PaBHO:
Ftot*Lt
d; = —— (20)
E*St
B To BpeMs Kak cMellleHHe GalllHA KpaHa MoNepeyHo BepTUKaJIbHOM OCH:
_ MxL?%

dy = (21)

28*1(;

MakcuMasibHOE CyMMapHOe HalpshkeHHe O, Ha KOHLEe OGallHW ONpeJjesseTca CyMMOM
HANpsSDKEHHUsI OT I'Py3a O, M OT BeCa 6, CaMOM CTpeJIbl GalleHHOr0 KpaHa, U MOMEHTa HHEepLUHY
0_ MOXHO pacCYuTaTh N0 cieayrouel popmyse [u]:

M F  F
O-t:O-m‘l‘O-p‘l‘O-F:Z‘l‘S_Z‘l‘S_IZ (22)

Tak kak 6alIHs KpaHa U3TOTOBJI€HA U3 MPOoPUIeH, U3TOTOBJEHHBIX JIMOO U3 KJIACCUYECKUX
CTaJIbHbIX MaTepUasoB, JMOO U3 COBPEMEHHbIX KOMIO3WTHBIX MaTepHaJoB, HA HUX TaKXe
CUJIbHOE BJIMSIHME OKa3blBaeT MU3TrUO [M] MpU KpydyeHHH, OallHA KpaHa NpPU BHE3ANHOM
OTKJIOHEHUM BOGOK HauMHAeT BBIKPYYMBATbCS M3 IJIOCKOCTHM HArpysku. [l usbexaHus
KPUTHYECKHUX MOJIOKEHUH GalllHU HeoOX0AHWMO paccyuTaTb MaKCMMaJibHOE CONPOTHBJIEHHE
M3ruby aHaJIOrMYHO CO CTPeJIOH.

St = Q¢ * by — gy * by, (23)
,Z[aJIee BbIYHUCJ/IAEM IreOMeTpHUYIeCKHE XapaKTEPUCTUKHU C€YEeHUA 6am1—m, MOMEHT MHepIHruH
CTpeJibl | :
a1+b3—a,+b3

Joy = A2 (24)

U MOMEHT COIIPOTHUBJIEHUA I/I3FI/I6y I10JIOTO MPAMOYTOJIbHUKA Wt:
3 3
al*bl—az*bz
W, = 3217202 25
ty 6*b ( )

M3 ycioBUSI MPOYHOCTHU AOMYCKAEMbIA KPYTAUIMAN MOMEHT OAalIHU MPU MPSIMOYTOJIbHOM
CeYeHUH ceAyromui M :

[Meylg = [2] * W, (26)

rae:
[t] - monycTHMoOe KacaTesibHOE HaNpsi?KEHHE.
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W3 yci0BUA KECTKOCTH JI0NyCKaeMbli KPyTAIMA MOMEHT AJis cedeHHs 6aumuu M, 6yzer
CleyIOIIUM:

[Meylio) = [0] % G * ]y * @ (27)

rae:

[6] - momycTUMBIe yIJibl 3aKpyYUBaHUS;

@ - K03pPULMEHT HaZIeXKHOCTH 110 Harpy3Ke;

[l HaxoXJeHHUs [JI0NyCKaeMOro KpyTsIlero MOMeHTa Heo6XOJAMMO 3HaTb MOJYJIb
YOPYTOCTU NPU KpyuyeHUH, GopMyJia BEIVIAAUT caefytoumM obpasom G [10]:

€
G =—— 28
2(1+v) ( )
rje:
v - ko3 punueHT [lyaccoHa.
Heo6xoanMo HalTH mapaMeTp KpyyeHus [3:

Jlanee HaXo MM NapaMeTp Harpy3Ky Ha OCHOBaHHWe 6anieHHoro kpaHa E :
E, = 2P (30)
t
T*a
rae: ¢
U= E — - 3TO0 MecCTo, OTKy/la HAYMHAETCd Harpy3Ka Ha Ce4eHHUHU OalIHU.

Jlasiee, NCXO/isl M3 MAPaMeTPOB, HalIEHHbIX BbIIE, MOXKHO HAWTHU KPUTHIECKYI0 HAarpy3sKy F,
JLJ1s1 KOHCOJIbHOM GasIKU NPSIMOYTOJIbHOM POPMBI € COCPeZ,0TOYEHHOM Harpy3Kou Beca CTpeJibl,
6aJmaCTa U rpysa:

1.2E _ 1.2(E-0.1) w/EWtyG]ty
Fe=(11 (1 t V1+1.22E ) +4(6—-2) ( \/1+1.22(E—0.1)2)) (31)

[lokazaTesiv, HallJleHHbIE Bblllle, TTO3BOJIST CPABHUTbH pPe3y/bTaThl, NOJYYEeHHbIE B XO/e
3KCIeprHMeHTaJbHOM YacTu. Bce onycTuMble 3Ha4eHUS, TOJTyYeHHbIe TEOPETUYECKUM Ny TEM,
N03BOJIAAT NMOKa3aTh pa3Huly. [IporpammHoe obecneueHue SolidWorks siBiisieTcs HaubGosiee
ONTHMAaJIbHBIM /IJISl pellleHUs JaHHOM 3a1a4H [8].

Heo6xoMM0 NpaBU/IbHO NOA06pATh MaTePHaJIbI /11 KAYECTBEHHOI'0 pacyeTa U BHECTU UX
B QJITOPUTMbI IPOTPAMMBI.

3. Bb160p MaTepuaja0B

B HaleMm uccieoBaHUM Mbl OyZileM pacCMaTpUBaTh TPU BUJA MaTepHasia: KJAaCCUYECKYIo
CTaJlb, CTEKJIOBOJIOKHUCTBIA U YIJIEBOJIOKHHUCTblE KOMIIO3UTHble MaTepuasbl. B kayecTBe
ctanu Ct 45 [9], B KauecTBe KOMIO3UTHBIX MaTepUasoB OyAyT B3sATbl YIVIEBOJOKHO U
CTeKJI0BOJIOKHO (Tabsinua 2) [3].
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Tab6suna 2
MaTepuajibl 1 MX XapaKTepUCTUKH
Bup, Moayne | Koaddunu- | Moayne | [lnoTHOCTB [Ipenen Texky4dects | IIpoyHOCTB
MaTepHaJia IOura | et Ilyacco- | caura G | p (kr/m®) | mpouHocTtu | oyi (MIla) | oxatus Xc
(MITa) HaVv (MITa) oR (MIla) (MPa)
Crasb 45 210,000 0.28 79,000 7800 550 241 /
Yr/1eBOJIOKHO 250,000 0.34 76,865 1600 1700 / 670
CTEeKJIOBOJIOKHO 87,000 0.32 32,954 2610 344 / 1240

CBOMCTBA YIVIEPOJHBIX U CTEKJOBOJIOKOH 3aBUCAT OT OKpY»Kalollledl cpejibl, CbIpbsl U OT
npolecca Co3ZlaHUsl JAaHHbIX MaTepuasoB [4]. KoMno3uTHble MaTepuasabl B COBpEMEHHOM
MUpe CTa/Iv NONy/IspHbI KaK HanboJiee 3pPeKTUBHBIHN JIETKUM MaTepraJl [J1s1 UCI0/Ib30BaHUA
MX B KOHCTPYKTOPCKOM OTpacau Tskesablx MalivH [1]. Ceflyac MHeHepbl pabOTalOT Haj,
CHM)KEHHEM pacxo/ia TOMJIMBA MyTeM 06JierdeHUs1 KOHCTPYKIUH.

KoMnosuTHble MaTepua/bl IIMPOKO NPUMEHSIOTCA B aBUAKOCMHUYECKOM OTpacid, 4YTO
SIBJISIeTCS [T0Ka3aTeJsIeM JIJIsl UX UCIOJIb30BaHUsA U B Ipyrux orpacisax [5], [6]. KoMnosuTHbIe
MaTepuasibl 06J1aJal0T BBICOKUM MO/yJIeM YIIPYTOCTH U y/ieJIbHbIM IIpe/ieJIoM IPOYHOCTH NPHU
pacTskeHud. biarogapsi JierkoMy Becy M NMPOYHOCTHBIM XapaKTepPUCTHKaM, KOMIIO3UTHBIE
MaTepHaJibl 3aBOEBbIBAIOT BCE OTPAC/JU MalIMHOCTpoeHHUs [5]. CoBpeMeHHble KOMIIO3UTHbIE
MaTepuasbl 00/1ajal0T BBICOKMM MOJYyJIeM YyINPYyrocTH 3a CYeT yBeJUYeHHUd pasMepa
KPUCTAJIJIOB yrjepojia U cTeksa. KoMNo3uTHble MaTepuasbl, B YaCTHOCTH, YIJIEBOJOKHO
06J1aZlaeT NpUeMJIeMOU 3JIeKTPUYECKON U TENJIONPOBOJHOCTHIO [1].

4. JKcnepuMeHTa/IbHAA 4acCTh
4.1 Co3daHue modeau 6auieHHO20 KpaHa

AHany3 MeTOJOM KOHe4HbIX 3jieMeHTOB (MK3J) obGecneuuBaeT CJI0KHBIM 4YMCJIEHHbIN
HOAXO0/J, AJI1 MOZIeJIMPOBAHUS M aHa/IM3a CTPYKTYPHOTO MOBEAEHUSI MaTEPUaJIOB B Pa3JIMYHbIX
ycaoBusax. [logBeprass Kjaccuyeckde CTajJbHble M KOMIIO3UTHble KOHCTPYKLMU aHaJIU3Y
MKD3, MOHO MOJyYUTh LEeHHY MHPOpPMAILMIO O paclpe/ieleHUU HalpshKeHUH, XapaKTepe
JebpopManuii M 0OLLed LEeJOCTHOCTU KOHCTPYKUMU [11], myTeM HajoXeHHUsl CETKH Ha
KOHCTPYKIIMIO OallleHHOTO KpaHa pacCYMTaTh KAy COTY KaK OTZeJbHO B3ATYI0 CEKIMIO U
BIIOCJIE/ICTBUU BOCCOEJUHUTD aHHbIe. [Ipy 3TOM 6GalllHg KpaHa )KeCTKO MPUKpeIJieHa K 3eMJie
npy nomoiu ¢yHgaMeHTa. [lJid IpOCTOThI pacyeToOB CTpesa Gblja KeCTKO MPHUKpelJsieHa K
6amiHe KpaHa. KoMIo3uTHble MaTepHasibl 06eCleYruBaOT GOJIbIIYI0 THOKOCTh KOHCTPYKIUU
0 CpPaBHEHUIO C TPAAULMOHHBIMH MaTepuajaMH, TAKHUMH, KaK CTajb. YHUKaJIbHble
CBOMCTBAa KOMIIO3UTOB MOTYT ObITh UCII0JIb30BaHbI [JIs1 CO3J,AHUS CI0XKHbBIX U 3)PEKTUBHBIX
KOHCTPYKTHUBHBIX GOPM, ONTUMHU3UPYS a3POAUHAMUKY U KOHCTPYKTUBHYIO 3 PEKTUBHOCTD
cTpesibl. Takasi THOKOCTb KOHCTPYKLHUM MOXXET MPUBECTU K WHHOBALMOHHBIM peLIeHHUSM,
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NOBBIIIAKIIMM OOLIYI0 MPOU3BOAUTENbHOCTh OalleHHOro kpaHa. [lnatdopma BpaleHUs
U TeJieXKKa GallleHHOro KpaHa He ObLIM CHPOEKTHUPOBAaHbI Ha YepTexe, TaK KaK SBJSIOTCA
JIOMIOJIHUTE/IbHBIMU 3JIEMEHTAMH, KOTOpble Harpy»arT MPOrpaMMy U YCJAOXKHSOT pacyeTbl
[8] (PucyHoxk 4).

AN ANANANAANAANAAAANAAANAANAA ]

=X

DIXIXIXXIXIXY]

=

PO

PucyHok 4. 3D-moe/1b 6allIeHHOT0 KpaHa
4.2 MK3-aHaau3 6auieHHO020 KpaHa U3 Kaaccu4eckoll cmaau

[lepBbIM MaTepuaioM OyAeT Kjaccudeckas cTalb Mapku CT45, HUxke OyzieT M0Ka3aHo, 4YTO
KpaH OTKJIOHUJICS OT HayaJIbHbIX KOOPJAMHAT NpU Harpy3ke B 1,1 ToHHY U Bece 6asiacTta 15
TOHH Ha 53 CAaHTUMETPA, YTO ABJIAETCA XOPOIIUM NoKasaTteseM (PucyHok 5):

URES (mem)

53t

e
A
22000402
26700

L ameo

1600402

1067402
5333001
100030

PucyHok 5. CMeLeHHe GalleHHOT'0 KpaHa U3 CTaIn

KpuTtepuu, koTopble 6epyTcs AJis pacyeTa HanpsbkeHUs: depMbl (PucyHok 6) 6aiieHHOro
KpaHa, OCHOBBIBAIOTCS Ha Teopuu Museca-XeHKH, TakKe U3BECTHOM KaK TeOopHsl IHepruu
PopMousMeHeHHUs. B HCYUC/IeHNH [IaBHBIX HAlPAXKEHUH 0,,0,, U 0, HanpseHue no Musecy
BbIpa)keHO Kak [10]:

2 2
01—0O +(o,—0 +(oq1—0 1
Oricos = (( 1=02)°+(02—03) +(01—03) ) /> (32)
2
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JlaHHas Teopus IJIACUT, YTO JIFDOOU MJIACTUYHBINA MaTepras paspyliaeTcs B KPUTUUYECKUX
MecCTax, IJle HanpshkeHWe JocTuraeT npefesa Tekydectd [10]. i ToyHoro onpepesieHus
npejiesa TeKy4eCTH HaMU 3a/laHa CTaHJapTHas TeMnepaTtypa B +15 rpazycos no Liesbcuio.

von Mises (N'm*2)
2,909 408
' 2618408
¥ 137008
20360408
1,746e +08
L 1455e408
1164408

68,7280 407

5,819 407
2.90%407
4067400

# Young's modilus

PucyHok 6. MakcuMaJ/ibHOe HalpshKeHUue KpaHa U3 CTaIu

Ha naHHOM yepTe)ke NpeBbllIEeHHbIE MOKa3aTeJM HAxXOASATCS Ha KOHLLAX TAL, KOTOpPbIE
yAEeP:KUBAIOT CTpeJy, [IJIl CTaJIbHbIX KaHATOB MCIOJIb3YIOTCS JpyrMe MaTepuasbl C APYTUM
npeznesioM TeKydyecTd. CpefHHe MoOKasaTeJd [JJ 3JE€MEHTOB KOHCTPYKLMUH COCTABJSIOT
nopsifika 45 Mlla, uto saBssieTcs HopMo# npu 241MIla gonycTuMoro Hanpsi:keHusd [9].

4.3 MK3-aHaau3 6auieHH020 KpaHa u3 y2/1e80/10KHA

XoTsl nepBOHaYa/IbHble 3aTpaThl HA KOMIIO3UTHbIE MaTepHaJibl MOTYT OBbITh BbIILE, CJeyeT
YYUTBIBAaTh MOTEHLUAJbHYIO JOJIFOCPOYHYI0 3KOHOMHIO 3aTpaT Ha TPAHCIOPTHUPOBKY, COOPKY
Y TeXHU4YecKoe obcaykvMBaHue. AHain3 MKD MoxkeT moMoub B OLleHKe CTOMMOCTH YXKU3HEHHOT' 0
[IMKJIa KOMIIO3UTHOM CTpeJibl, obecrneyuBasi LieJIOCTHOE MOHMMaHUEe ee 3KOHOMHYECKOU
YKU3HECIIOCOOHOCTH.

Crenyrouiyii MaTepuras, KOTOPbIN Mbl PACCMOTPUM, - 3TO YIJIEBOJIOKHO, MO/ZieJib Intermediate
Modulus, cMelieHre OT HadaJbHBIX KOOpPAWHAT CTpeJibl OalleHHOTO KpaHa M3 JaHHOro
KOMIIO3UTHOI'0 MaTepHaJia COCTaBUT 67,79 caHTUMeTpPOB, 4yTo gonycTuMo (PucyHok 7) [5]:
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URES (mm)
677002
l 6107e02
. 5473402
- 4745602
L 4067602
DL 33%0e402
27126402

. 2,034e+02

1,356e+02
6,77%+01
1,000e-30

PucyHok 7. CMeleHHe GalliIeHHOr0 KpaHa U3 YIVIEBOJIOKHA

[l pacyeTa HanpsikeHHs GallleHHOro KpaHa M3 KOMIIO3UTHOr'0 MaTeprasa He06X0 MBI
NI0KasaTeJM IpeJiesla NIPOYHOCTU Ha paCTshKeHUe, TaK KaK TeKydyeCTbl0O OHM He 00J/1aJaloT.
CpeaHee Hanps)KeHUE 3JIEMEHTOB KOHCTPYKL MU cocTaBusio 58 MIla, uTo sAB/IsieTCs AONYCKOM
npu npegese npouHocty B 1700 MIla (PucyHok 8) [1]:

von Mises (N/m*2)
2916e+08
. 2,627e+08
. 3,3%5e+08
-~ 1,043e+08
. 1,751e+08
D 1459408
L 1,167¢+08

. 8755¢+07

5,837 +07
2918407
1.032e+00

PucyHok 8 - MakcuMa/IbHOe HallpsXKeHUe KpaHa M3 YIVIEBOJIOKHA
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4.4 MK3-aHaau3 6auieHHO20 KpaHa u3 Cmek/1080/10KHA

JlMHaMUYeCKUil XapakTep paboTbl OalleHHOro KpaHa MpejnoJaraeT LUKJIAYeCcKyo
3arpy3Ky M pasrpy3Ky, UTO CO BpPeMEHeM MOXeT NPUBECTH K YCTajoCTU. KoMmosuTHbIe
MaTepHasibl MOTYT JEMOHCTPHUPOBATh MPEBOCXOAHYI YCTaJOCTHYK CTOMKOCTb, MOCKOJIbKY
UX CBOMCTBAa MeHee MOJBep)KeHbl paspylIeHHUI0 NpPU MOBTOPHbIX Harpy3kax. MK3-aHanus
II03BOJISIET MOJIeJIMPOBAThb 3TU YCJ0OBUS JJUHAMUYECKOT0 Harpy:KeHus, moMorasi MH>XeHepaM
IPOTrHO3UPOBATh U NOBBILIATH YCTAJOCTHbIE XapaKTEPUCTUKU KOMIIO3UTHON CTPEJIbI.

[locnefHuii MaTepuas, KOTOpPbI HCNOJIb3YyeTCs B KadyeCTBe ISKCIIEPUMEHTa, [AJis
CTPOUTEIbLCTBA HGAIIEHHOTO KPaHa - 3TO CTEKJI0BOJIOKHO, KOTOPOe UMeeT IJIoXKe T0Ka3aTesu
CMelleHUs OT HadyaJIbHOM TOYKH, nopsjaka 3,7 meTpoB (PucyHok 9) [5]:

URES (mm)

3 MTe03
._ 3,345¢+03

2,970
. 2,602e+03
2,2%0e <00
L 1,658e+03
1,467¢+03

111503

7433402
3, 77ee02
1,000e-30

PucyHok 9. CMelieHre GallIeHHOT0 KpaHa U3 CTEK/IOBOJIOKHA

[ pacdyeTa HampsikeHUs1 OGallleHHOTO0 KpaHa M3 CTEKJIOBOJIOKHA TaKXKe He0OXOAHMbl
NoKasaTeJU Mpejiesa MPOYHOCTU NPU PACTSIKEHUHU, TaK KaK TEKy4eCTbl0 OHU He 00J1aJjaloT.
CpenHee HanpsKeHME 3JIEMEHTOB KOHCTPYKLUHU cocTaBuiio 60 Mlla, 4To aByseTCA JONYCKOM
NpU npejesie NPoYHOCTHU B 344 Mna [3]. Ho gaHHbIM MaTepuas nokasas MJoxyue nokasaTesau
CMelleHUsI OT HayaJIbHbIX KOOpPAMHAT, 4YTO fABJSETCd KPUTHUYHBIM, TaK KaK CO3JaeT
JIOTIOJTHUTEJIbHOE KauyeHUe, YTO YBeJIMUUBaeT Harpy3Ky Ha KOHCTpYKLuio (PucyHok10):
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von Mises (N/m”2)

2,804e +08

. 252308

- 243e408
1,962¢408
1,6682e+08

L 1402¢+08

L 1,121e+08

- 8411e407

5,607 407
I 1,808 +07
8560e +00

PucyHok 10. MakcuMaJ/ibHOe HanpsKeHHe KpaHa U3 CTeKJIOBOJIOKHA

5. JKkoHOMHYeCKasl YaCTh

M3 nosiyyeHHbIX pe3yJbTaTOB MOXXHO OTMETHUTb, YTO MOXXHO 3HAYMTEJbHO CHU3UTb BeC
KpaHa 3a CYeT MCII0JIb30BaHHSl KOMIO3UTHBIX MaTepuasoB. [l npuMepa: eciu B3Tb BeC
6ameHHoro kpaHa B 1000 Kr, To Ipu TaKOM e pacxo/ie MaTepuasoB, UCXO/S U3 MJIOTHOCTH
KOMIIO3UTOB, BEC KpaHa U3 yIJIepoJHOro BoJiokHa — 205 Kr, a BeC KpaHa U3 CTEKJIOBOJIOKHA —
334 kr. B npoLleHTHOM COOTHOIIEHUH, 10 CPABHEHHUIO C CAMBIM TSXKEJIbIM CTaJIbHbIM KPaHOM,
BeC KpaHa U3 YIJIeBOJIOKHA CHUXKEH Ha 79,5 NpoLleHTOB, BEC KpaHa U3 CTEKJI0BOJIOKHA CHUXKEH
Ha 66,6 NPOLEHTOB.

Hcnonb3ys aHaaM3 MeTOJAOM KOHeuHbIXx 3sieMeHTOB (MKD3J), B craTbe npoBoauTcs
BCECTOPOHHUI aHaAJIU3 3aTPaT U BbITO/J, KaK /11 KJ1aCCUYeCKOM CTaJlH, TaK U [JIJ1s1 KOMIIO3UTHbBIX
MaTepHraJsoB. ITO BK/IOYAET B Ce64 TIATEJIbHYI0 OLleHKY MaTepHUaJIbHbIX U IPOU3BO/CTBEHHBIX
3aTparT, TPAaHCIOPTHBIX PAaCX0J0B U MOTEHLIMAJIbHOM 3KOHOMUM Ha 0OCIY>KUBAaHUU B TeYEHUE
CpOKa cJy»0bl KpaHa. TiaTeJbHO U3y4yasi ITU 9KOHOMHUYECKHe acleKThl, TULa, IPUHUMAloL1e
pellleHUs], MOTYT JieJaTb OCO3HAaHHBIM BBIOOpP, OCHOBAaHHBIM Ha I€JIOCTHOM NOHUMaHUU
$UHAHCOBBIX N0CJECTBUMN, CBSI3aHHbBIX C KAXK/bIM MaTEPUAJIOM.

Kinaccruueckas ctasb J1o/iroe BpeMs 0J1b30BaJjlach NONYJISIPHOCTBIO U3-3a €€ JJOCTYIHOCTH
M wuzobunnda. MKD-aHann3 mnomoraeT KOJMYECTBEHHO OLEHUTb MaTepuasJbHble H
NPOU3BO/ICTBEHHbIE 3aTPAThI, CBSI3aHHBIE CO CTAJIbIO, C y4€TOM TaKUX PAKTOPOB, KaK LeHbl HA
CbIpbe, 3aTPaThl HA 0O6PAOOTKY M TEXHOJOTHUU U3roToBJieHUs (11). AHa/JIOTUYHBIM 06pa3oM,
KOMIIO3UTHblEe MaTepHasibl, XOTS W NOTeHLHUaJbHO 060Jiee [0pOorve H3Ha4yajJbHO, MOTYT
06ecrneyuTh J0JITOCPOYHYI0 3KOHOMUYECKYIO BbITOAY 3a CYET CHUXKEHHUS Beca U MOBBILIEHUSA
3QdeKTUBHOCTH KOHCTPYKL UK. llesibto aHa/IM3a ABJISIETCSA YeTKOe CDAaBHEHU e IEPBOHAYaJ/IbHbIX
3aTpaT Y 3aTpaT Ha )KU3HEHHBIN LIUKJI, CBSI3aHHbIX C KaXK/1bIM MaTepuasioM (Tabsauna3l).
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Ta6snna 3
CpaBHeHMe LieHbl 3aKyNKHU
MaTepuan [leHa 3a kuJorpaMmm Bec (xr) O6mias 1eHa ($)
mBeJsiepa ($)
Cranb 10 1000 10000
YrneBos10KHO 72 205 14760
CTeKJIOBOJIOKHO 15 334 5010

M3 faHHOM Tab/IMIbl MOXKHO HabJII0/]aTh, UTO LieHa YIJIEBOJIOKHA 3a OJ[UH KUJIOTPaMM OO0JIbllle
B 7 pas, a lieHa CTeKJIOBOJIOKHA B 1,5 pasza GoJibllle, 4yeM cTasib. Ho ecim 6paTh ¢ 06beMaMy,
HEOOXOAMMBIMH JIJIsI CTPOUTE/IbCTBA OAllleHHOTO KpaHa, YIJIEBOJIOKHO Oy/IeT CTOHTh JIOPOXKE B
1,5 pasa, a CTEKJIOBOJIOKHO /iellieBJie B/IBOe. M3 3TOro MOXKHO c/ie/1aTh BbIBOJbI, YTO MPU 3aKYIIKe
MaTepHasioB JIJisl CTPOUTEbCTBA 3aTPAThI 6y/IyT HE3HAYHUTEJbHBI.

TakXe CTOUT OTMETHUTb, YTO KOMIIOHEHTbI OallleHHbIX KPAaHOB YaCTO MNPUXOAUTCS
TPAHCIOPTUPOBATh HA CTPOUTEJIbHbIE MJIOIIA/IKU, U BEC MAaTEPHUAJIOB CYILIECTBEHHO BJIMSET Ha
TPAHCIOPTHBIE PACX0/bl. YMeHbIIIEHHbIN BeC KOMIIO3UTHBIX MAaTEPUAJIOB, KaK TOKa3aJ aHa/Iu3
MEeTO/I0M KOHEYHbIX 3/IeMEHTOB, IOTEeHI[MaJlbHO MOXET MPUBECTH K CHUXKEHUIO TPAHCIIOPTHBIX
pacxojgoB. [loHMMaHMe TOro, Kak KaXK/Jblid THI MaTepHaja BJIMsSeT Ha JIOTUCTUYECKHe
Co0OpakeHHs, )KU3BHEHHO BaXKHO /151 3G PEeKTUBHOTO IJIAHUPOBAHUS MPOEKTA U YIIPABJIEHHUS
3aTpaTaMH.

6. BoiBOj,

B nmocTosiHHO MeHsollelcsl TeHJEeHIMU pa3paboTKU GalleHHbIX KPaHOB BCECTOPOHHUU
CPaBHUTEJIbHBIM aHA/M3 KJIACCUYECKOH CTa/lM U KOMIIO3UTHBIX MaTepHaJOB, JONOJTHEHHBIN
aHa/JM30M METOJO0M KOHe4yHbIX 3jeMeHTOB (MK3), packpbiBaeT TOHKOe MOHMMaHHe HX
KOHCTPYKTHMBHBIX XapaKTEPUCTUK U IKOHOMUYECKOW 3QPEeKTUBHOCTU. ITO UCCJIeLOBaHHUE
BBIXOJJUT 33 paMKH TPaJAULUOHHOW AUXOTOMMUH, NIpeJJiaras LieHHble U/ied, KOTOpble HaXOAST
OTKJIMK KaK C UHXXeHepHOUW TOYHOCTBIO, TaK U C IKOHOMUYECKOH 11e/1eCO00Pa3HOCThIO.

MKD3-aHa/13 no3Bo/iMJ NOJIYYUTh [JyOOKOe MpeJcTaBIeHHe O CTPYKTYPHOM NOBeJleHUH
KJIaCCUYeCKOM CTaJd M KOMIIO3UTHBIX MaTepuasioB B pa3JIMYHbIX YCJOBUAX. M3ydyeHue
COOTHOLIEHUS IPOYHOCTH K BeCy, peakliMy Ha JUHaMUYeCKUe Harpy3Kky U aHaJli3 YCTaJ0CTH
BbISIBUJIM YHUKaJIbHble CBOMCTBA KaXXJ0ro MaTepuasa. UHKeHephl U JIMLA, TPUHUMAIOIIUe
pelieHus], MOTYT UCI0JIb30BaTh 3TH 3HAHUS JJIs aJlallTAllUM KOHCTPYKL MU GalleHHbIX KPaHOB
K KOHKPETHbIM TpeGOBaHHUSAM MPOEKTa, 06ecrneyrBasi ONTUMaJbHYI0 MPOU3BOAUTEIBHOCTD
Y HaJle)KHOCTb. JKCIIepUMeHTaJbHas 4acTh [10Ka3aJsa, YTO yIJeBOJOKHO 00J1a/laeT CX0KUMU
napamMeTpaMu 10 YPOBHIO HaZEXHOCTH, YTO M CTaJIbHOM OallleHHbIM KpaH, HO BECUT B 5 pas3
MeHblle Kjaccuiyeckoro. CTEKJI0OBOJIOKHO, XOTh U 06J1a/laeT MaJiblM BECOM, HO UMeEeT HU3KYIO
IPOYHOCTb [IPU PACTSKEHUH, YTO ABJISAETCA MUHYCOM.

[TomuMo HenocpeACTBEHHBIX 3aTpaT, aHaiu3 MK3J MoxeT O6bITh HHTETPUPOBaH B NOAXO/, K
OLleHKe >KM3HEHHOTO0 LUKJIA. ITO BKJII0YaeT OLleHKY BO3/[eICTBUSI MaTePHAJIOB HAa OKPY>KAIOILY IO
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cpeAy OT J00bIYM U NPOM3BOACTBA [0 YTUJIM3ALMU MO UCTEYEHUU CPOKa CayXO6bl. OnjeHkKa
KU3HEHHOTO LMKJIa NpeAoCTaBJsieT BCECTOPOHHee INpeJcTaBJeHHe 00 3KOJIOTM4ecKOM
BO3/I€MCTBHH, IOMOTas 3aMHTEPECOBAHHbIM CTOPOHAM IPUHKUMATD PelleHUs], COIIaCOBaHHbIe
C IPAaKTUKOW YCTOMYUBOI'O CTPOUTELCTBA.

[logBOAA UTOT, MOXKHO CKa3aTh, YTO LieJIb CTaThbH - JaTh JIULAM, IPUHUMAOIIUM peLleHuns,
rJlyboKoe MNOHMMaHWEe 3IKOHOMMYECKUX TOCAEACTBUM U COOOpaKEHUW YCTOWYUBOCTH,
CBA3aHHBIX C MCHOJIb30BaHUMEM KJIACCUYECKOM CTa/ld M KOMIIO3UTHBIX MaTepuasoB IpH
pa3paboTke OalleHHbIX KpaHOB. MKD3J-aHanu3 ciayKUT BaKHEWIIUM HHCTPYMEHTOM [Jisl
BbISICHEHUS] TOHKOCTeH 3THUX (HaKTOPOB, M03BOJISIS MPOBOAUTH COAJIaHCUPOBAHHYIO OLEHKY,
YYUTBHIBAIOUIYI0 KaK KpaTKOCpO4YHble (QUHAHCOBBbIE COOOpakeHHS. JKOHOMMUYECKass 4acTb
II0Ka3a/la, YTO KOMIIO3WUTHble MaTepuasbl ABJAKTCA JOPOTMMH, HO TaK KaK J[JaHHble
MaTepuabl 00J1aZjal0T O60JBIIMM 00bEMOM, UX NOTPeOyeTcsl 3HAYUTEJNbHO MeEHbIle MpHU
CO3/laHUM GallleHHOTr 0 KpaHa.

[IoCKO/IBKY CTpOUTE/IbHASA OTPAC/b IPOA0JKAET 0CBAUBATh TEXHOJIOTUYECKUE JOCTUKEHHUS,
3HaHUS, NOYEPIHYThIE U3 ITOr0 CPABHUTEJIbHOTO aHAJIN3a, CAYKaT KaTaJlUu3aTOpPOM OYAYyLUX
MHHOBaLuMU. CUHeprusa MexJy KJACCUYEeCKOW CTa/bl0 U KOMIIO3UTHBIMU MaTepuaslaMy,
3aKJIa/lbIBaeT OCHOBY JJisl MPOTPECCUBHOM TPAeKTOPUU Pa3BUTUSA OallleHHbIX KPaHOB. JTOT
BbIBOJ, SIBJISIETCSI HE KOHEUYHOW TOYKOM, a CTyNeHbKOM K OyAylieMy, B KOTOPOM METO/bI
CTPOHMTEIbCTBA OPTAaHUYHO COYETAIOT JJ0JITOBEYHOCTh, 3P PEKTUBHOCTb U IKOJIOTUYHOCTb.

[Io cyTH, KylIbMHUHALUA 3TOr0 MCCJEeJOBAaHUA O3HA4YaeT YCTAHOBJIEHHE MOCTA MeXAy
TPaZULUAMU W WHHOBALMAMH, NpPeJOCTaBJAA 3aUHTEPECOBAHHBIM CTOPOHAM [OPOKHYIO
KapTy, MO3BOJISIIOLIYI0 OPUEHTUPOBATLCA B CJIOXKHOCTAX pa3pabOTKU OalleHHbIX KpaHOB. C
nomolbio aHaausza MK3 cTaTbsl IpoJiBUraeT CTPOUTENbHY0 UHAYCTPUIO K OYAYLIEMY.

YcTaHOBJIEHO, YTO UCIIOJIb30BaHME MPOrpaMMHbBIX NPOAYKTOB, Kak SolidWorks, MK3 u ap.
II03BOJISeT NPOBECTU CPABHUTEJIbHBIM aHA/IM3 PAa3JIMYHbIX MAaTepPHaJIOB, UCI0JIb3YEMBIX IPU
IPOEKTUPOBAHUU KOHCTPYKTHUBHBIX 3JIEMEHTOB 0allleHHOTO KpaHa, ONpeAe/JUTh NapaMeTphbl
Ha/leXKHOCTU U 3QPEKTUBHOCTH.

B skcnepuMeHTa/lbHOW 4YacTH BBISIBJIEHO, 4YTO YIJIEBOJIOKHO 00J1aZlaeT CXOXHUMHU
napamMeTpaMu 10 YPOBHIO HAaZeXKHOCTH, YTO M CTaJIbHOM OGallleHHbIM KpaH, HO BECUT B 5 pas3
MeHbllle KJaccuyeckoro. CTEKJI0BOJIOKHO, XOTbh U 06J1aZlaeT MaJIbIM BECOM, HO UM€EET HU3KYI0
INPOYHOCTH IIPH PACTSHKEHUH, YTO ABJISAETCA MUHYCOM.

[Ipepsiaraemass MeToAMKa pacyeTa NO3BOJISAET MOJYUYUTh I[JIyOOKOe MpejCcTaBJeHUe O
CTPYKTYPHOM IOBeJIeHUU KJIACCUYECKOW CTa/d U KOMIIO3UTHBIX MaTepyua/ioB B pPa3/IMYHbIX
YyCJIOBUSX, 3aKJaJblBaeT OCHOBY [Jil NMPOTPECCHMBHOM TPAeKTOPHUM Pa3BUTUSA OallleHHBIX
KpPaHOB

Bki1az aBTOpOB:

TynekoB A.B. - KOHIIeNIMs, METO/A0JIOT S, COOP JIaHHBIX, IKCIIEPUMEHTa/bHas YacThb.
Cazamo6aeBa B.b. - MogennMpoBaHue, aHa/IU3, BU3yain3alius, 3aK/I04eHUe.
Kenec6ek A.B. - aHa/1u3 INTEpaTyphl, IOMOIIb C IKCIIEPUMEHTOM, MO/IeJIMPOBAHUE.
Kenec6ek U.B. - Bu3yanusanus, MHTepnpeTalus, HanlucaHue, peJJakTUPOBaHHUe.
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MyHapa KpaHAapbIH )Kacay YIIiH THHOBALMsJIbIK MaTepUaaAapAbl Naiijaiany

Angarna. Makasafia KJacCUKa/bIK 60/1aT [eH KOMIIO3UMLUAJIBIK MaTepualjapFa cajlblCTblpMaJibl
TaJldy >Kacasblll, OJIApAblH COMKeC KacueTTepi MeH KOJ[AHy cajajJapbl MYHapa KpaHAApbIHBIH,
JaMybl ascCblHZA 3epTTesell. 3epTTey akKNapaTTapbIHbIH YHJIeCiMi KypbIBIC HWHAYCTPUACBIHAA
MaTepHaAapAbl TaH4ay HeTi3iH/e KaJblnTacaTblH KON KbIPJIbl LIeliM KabbL1ay IPOLeCiH KepceTeTiH
OepiKTiK, caMaK *koHe KYH CUSKTbI paKTopaap/bl ecKepesi.

KypbLibIC MHAYCTPUACBIHBIH, aXblpaMac O6eJiiri 60/ibln TabbLIAaTbIH MyHapa KpaHZJApbIHbIH
GepikTiri AacTypJii KJaaccUKa/blK 60JIaTTaH >KacajyblHa 6GaillJIaHbICTHI. JlereHMeH, KOMIO3UIUSJIbIK
MaTepuaJJapAblH, Naija 60Jybl XKOFapbl OepiKTiK MeH a3 caJiMaKka ToyeJsAi 60J1a OTbIpbIN, GyJ
HopMarFa Kauiubl Kesaefi. [139 Tangaysl kepHeyAiH TapaaybiH, AedopMalivs CUMIAThIH XKIHE KaJIIbI
TYTaCTBIKTHI >KaH-KaKThbl TYCIHY/li KAMTaMachl3 eTeTiH apTypJii xKaFAalJap/a oCcbl MaTepHuaaap/blH
KYPBUIBIMABIK, CUNATbIH MOJeJbJey YIIiH KoJAaHbllajAbl. Makajaza OepikTik IeH cajMaKThIH
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apaKaTbIHAChI, IUHAMUKAJIK XKYKTeMe XKoHe 3IKOHOMUKAJIbIK TUIM/TJIiK CUIKTBI MaHbI3/ibl GaKTopJap
KapacThIpbliaZbl. By caiibil KeJireHie MyHapa KpaH/JapblH Ko 6aJiay »koHe KypacTbIpy 60U bIHIIA HAKThI
menriMep KabbL1ayia KyH/ bl aKnapaT 6epeai. MyHaal xaH-KaKThbl TaJ1/jay Xyheci MaTepruaajap/ibl
KYPbLIBIMABIK CUNATTaMajapbl OOWBbIHIIA erKel-TerKenJi CaJbICTBIPYAbl >XKEeHIJNJAETiN, oJapAblH
THUICTi apTBIKWBLJIBIKTAPbl MEH LIEKTEYJIEPiH aUKbIHJANIbl.

MakasiaHblH MakKcaTbl - UHXXeHepJepre, LIellliM KaObLiJayllblIapFa >KoHe caja MaMaHJapblHa
MYHapa KpaH/IapbIH JaMbITY KOHTEKCiH/le KJIaCCUKA/bIK 60J1aT IEH KOMITO3UIIUSJIbIK MAaTepUAIAAP/bIH
KOHCTPYKTUBTI CUIIaThl MEH JMHAMUKAJIbIK KaCUeTi TypaJibl >KaH-)KaKThl TYCiHiK 6epy. KoMnbloTepaik
MoJleJIbAeyAl KoJJaHa OThIPHII, 3epTTeY KYPbLIbIC MHAYCTPUSCBIH/A MYHapa KpaHAapblHbIH TUIMA],
CeHIMJi KoHe TYpaKThbl TEeXHOJIOTHUAJIAPbIH ITepilieTyre »O0JI allblll, CTPAaTEerUAJbIK LielliMaep
KaObL/1ay YIIiH MaHbI3/bl MaFIyMaT Gepe/i.

Ty#iH ce3aep: MyHapa KpaHbl, )KYK KeTepTilll MalllMHaJap, KOMIO3UTTiK MaTepruasap, kemipcyap,
HIBIHBI TaJWBIK, 1139 Tangaysbl.
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The use of innovative materials for the development of tower cranes

Abstract. This article provides a comparative analysis of classical steel and composite materials,
explores their respective properties and applications in the context of the development of tower
cranes. The combination of these materials takes into account factors such as strength, weight, cost and
durability, reflecting the multifaceted decision-making process that shapes the choice of materials in the
construction industry.

Tower cranes, an integral part of the construction industry, have traditionally been made of classic
steel because of its strength. However, the advent of composite materials challenges this norm,
promising high strength and lower weight. FEM analysis is used to model and analyze the structural
behavior of these materials under various conditions, providing a comprehensive understanding of
stress distribution, strain patterns, and overall integrity. The article examines such important factors as
the strength-to-weight ratio, dynamic load and economic efficiency, which ultimately provides valuable
information for making informed decisions in the field of design and construction of tower cranes. This
comprehensive understanding facilitates a detailed comparison of these materials in terms of their
design characteristics, shedding light on their respective advantages and limitations.

In fact, the purpose of this article is to give engineers, decision makers, and industry professionals a
comprehensive understanding of the structural intricacies and dynamic behavior of classical steel and
composite materials in the context of tower crane development. Using computer modeling, the study
provides valuable information for strategic decision-making, paving the way for the advancement of
efficient, reliable and sustainable tower crane technologies in the construction industry.

Keywords: tower crane, lifting machines, composite materials, carbon fiber, glass fiber, FEM analysis.
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AngaTna. Makasaza Tickecy KypasJapblHbIH TO3y Mpo6JieMachIHbIH
»KaW-KYHMiH 3epTTey HoTHKeJiepl KesTipinreH. FpulbIMU 3epTTey/iH MaKCcaThbl
TicKecy1lli Kypa/ijJapAblH TO3y ce6enTepiH aHbIKTAY, COH/Ial-aK, YJIKEH MOAYJ/Ib-
Ji UUJIUHAPJIK TIiCTI AOFajaKTapblHbIH OWbIMAAPbIH 6HJAEY/IH >XaHa 9iCiH
>)KOHe OHBI Ky3ere acblpy YIIiH apHaWbl KypaJ KypbLIbIMBIH apaTy. Tickecy
KYpPasIZJapblHbIH, TO3YbIH 3epTTey O0MbIHINIA FbIJIBIMU XYMbICTAPFa LI0JY Ka-
caJi/ibl )XoHe TO03y KApKbIH/bLJIbIFbIHA 9Cep eTeTiH PaKTopJiap aHbIKTaJlbI.
Tickecy Kypa/ibIHbIH TO3ybIHA bIKIaJ €TETIiH HeTi3Ti ¢pakTopaapblH 6ipi eHe-
JIETiH TiCTi JOHFa/JaKTbIH MOAYJIi 60JIbIIN TAaObLIAThIHbI )K9HE 0J1 YJIFalFaH cai-
bIH KYypaJIZIblH, TO3ybl COMKeCiHIIe apTa TyCeTiHi alKbIHAaIAbl. By acipece yJi-
KeH MOAYJIbJi LWJIHWHJAPJIK TiCTi JIOHFa/IaKTap/ibl 6H/ipyZe, aTall aiTKaHAa Tic
OMBIMJAPBIH 6HJeY NpoLecCiHAe OpbIH anabl. OHAA KypaJsblH TO3y KapKbIH-
JABUIBIFBl apTaZbl, OHJAEYAIH A3JAIri MeH eHIMJAIIIri TeMeHAeW/i, COHbIMEH
KaTap omnepalMsHbIH 63iHAiK KYHbI KOFapbLIaiabl. [IpoiecTiy 6y KyHiH, eH
aNbIMeH, TiCTi JJOHFaJIaK OUbIM/IapblHAH MeTaJl/lblH YJIKEH KOJIEMiH asbll Ta-
CTay KaXKeT eKeH/liriMeH 6aniaHbICTbIpyFa 60J1abl. Byl MacesieHi ey yiiH
YJIKEH MOAYJIbJIK LUJIMHAPJIK TICTI JOHFaJ/AK TiCTepiHiH OWBIMJApbIH TEp-
MO PUKLMAJIBIK 6HAEY/IiH *KaHa pecypCcThl YHEMAEUTIH aAici ychiHbLIaAbL. [1-
JIMHAPJIK TiCTi AOHFa/IAK OUbIMAAPbIH TepMOPPUKIMSJIBIK }KOHFbLJIAY YKoHE
MMIYJIbCTI CaJKbIH/ATyFa Ue TepMOPPUKILUSJIBIK }KOHFbLJIAY d/licTepiMeH 6H-
Jleyre apHaJIFaH MOAYJIbJiK TerepikTi YUKeJic }KOHFbIIITAPbIHbIH KOHCTPYK-
LUACHI d3ipaeHAl. Teric MOAY/IbAIK TerepikTi YUKeJiC 2KOHFBIIITDIH, )K9He OHBbI
TOKapJIbIK BUHTKeCylli Oi/ileKke OeKiTy YIlUiH apHailbl 963eAiH Taxipoueni
yJriyiepi xkacasbl.

Kint cesaep: Tickecy KypaJsblHbIH TO3Ybl, YJKEH MOAYJbAI TiCTi AOHFa-
JIaKTap, TYPaKTbUIbIK Ke3eHi, TepMOPPUKLUSJIBIK 6HJEY, YUKeJIiC })KOHFbIIIbI.
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Tickecyui KypaadapdviH mypaKmbLabiFbl MEH MO3yblH 3epmmey

Kipicne

KenTereH cajiajapza, MbIcasibl, arpapJiblK 6HAIpic KelleHi TeXHUKACHI XoHe MalllMHaJjap,
MeTaJLIypPrysiyblK, ra3-MyHal eH/Jipy cajlacbl TEXHOJIOTHUSJIBIK a0/ bIKTapbIH JaspJiay KoHe
T.0. 93ipJien HbIFAPYAa TiCTi AoHTreJeKTep Ui KoJiJlaHblia/ibl. EniMiz/ie KapKbIHABI 6pKeHAeN
KeJie »KaTKaH eH/ipic casiajlapblHbIH ayKbIMbIH €CKepPETiH 00JICaK, TiCTi IoHre/JeKTep AaHajaln
eMec cepusiyiab IIbIFApPy KaxKeTTiriH kepyre 6osiazibl. Ocbl TYpPFbIJAH KapaFaH[a O0JIapAbl
JlasipJjlay NpoLecTepiH aBTOMATThl OifijleKTep/ie OpbIHAAY TUIMJiNIri allKblH KepiHezi.
Bipak Kasipri yakbITTa MeXaHUKaJIbIK 6HJEY cajachblH/la KOJMeH O6acKapblIaTblH aMbOe6an
6is11eKTep KeH KOJIJaHbLIAThIHBIH €CelKe aJicak, oJlapAbl 6HJEY eH KypZeJi KaHe »KOFapbl
eHOEeKChIMbIMBIIbIKKA M€ eKeHJIriH aHblKTayFa 6osaabl. CoHpal-aK, TicTi JieHre/eKTepAi
eH/Jley eKi MeXxaHUKaJbIK olepalusZiladH TypaTbiHbl Oesrii. BipiHii onepanusaaa anjbiH-ana
eHJey NPOLEeCiH OPbIHAAWbI )KOHE MYH/IA labIHaMa MaTepUuasbiHblH 70-80%-b1 ajibIHAbI.
ExiHmi omepanus Tasa eHJey omnepauusicbl OoJibll TabbuiaAbl. bys onepauusja TicTiH,
COHFBI NillliHI TaJan eTIreH 21K 2KoHe callaMeH KaJiblnracaZbl. OCbl agKTayllbl Oniepayus
€H, KayanTbl OOJibII TaOblIa/Jbl >XKOHE OHbIH canacblH Oesrijseii. dyeMJiKk HpakKTUKaJa
LUJIMH/APJIIK TiCTi JOHFa/IaKTap KeHiHeH KOJIJaHblI/bl, 0JIapAblH 6HAIPICi XKblJIbIHA XKY3ereH
MUJIJIMOH JJaHaHbl Kypanabl. 2Keke, cepyAJIbIK KoHe XKallllak eHAipic )KaFJalblH/1a LHUIUHAPJIIK
TiCTi AOHFa/laKTapAbl KeCYAiH Heri3ri afici kesijleHeH XOoHY 6i/leKTepiHe Kellipy aficiMeH
TerepikTi MOAY/Ib/iK XKOHFbIIITAPMEH TiC)KOHFbLIAY O0JIbIN TaObLIabI.

TicTi 6epinicTep KenTereH KypblIFbLIap/blH AYPbIC )KYMBIC icTeyi Y1IIiH 6Te MaHbI3/bl €KeHi
6eJsirisi, an osiapApbl Kacay TEeXHOJIOTUSCHI dPTYPJii XKYMBIC KafFaWaapblH/ia TopanTap MeH
MeXaHU3M/ePAiH canacbl MEH TYPAaKTbLIbIFbIH aHbIKTalbl. FasibiMgap MeH eHAipyLIiiep/iH
KOITereH XyMbICTaphbl TiC 6HAEYAIH [9JIAINH apTThIPYAbIH, TEXHOJOTUAJIBIK d9iCiMeH TiCTI
6epinictepai eHAipyAiH Aa//iri MacesiesiepiHe apHa/siFaH. MaTepuasa MeH KecKill KypasiJblH,
MUHUMYM IIBIFbIHAAPBIMEH JAJIIK [1EH CallaHbl TEXHOJIOTUAJIBIK KAMTaMachl3 eTy Heri3epiH
O/laH 9pi JaMbITy MalllMHa GeJillieKTepiH, acipece TiCTi JlOHFa/JaKTap/bl KoHe COFaH YKcac
TicTi GeseKkTepAi eHAiIpyAe e3eKTi Macese 6oJsibin caHanazabl [1,2]. Byn macene acipece
Y/IKEH MOAYJIb/II TiCTi AJOHFa/IaKTapAbl OHAIPYZAe 63€eKTi 60JbIN OThIP. YJIKEH MOAY/IbAIK TiCTi
JIOHFaJIaKTap/bl 6HJley TEeXHOJIOTUSICHI OeJrisi 6ip KUbIHABIKTapMeH O6aWaHbICThI. ByJ, eH
aNbIMeH, IOHFa/IaKTap/iblH TiCTi TOX/JePiHiH OMbIMJAapPbIHAH YJIKEH KOJIEM/IeTi MeTaJl /bl aJbIIl
TacTay KaXXeTTUIIriHeH TybIHAAWAbl. ByJsl MacesieHiH wwewiMi yJIKeH MOAYJIbAI LUAJTAHAPJIK
TiCTI JOHFaJlaKTapbIHbIH, OMBIMAAPBIH 6HJAEY/IH PeCcypC YHEM/EUTIH TEXHOJIOTUSCBIH acay
6O0JIBII TaObLIA/bI.

3epTTey TACiIAEPi

Tickecy KypaJibl caJbICTBIpMaJibl TYpJe XKYKa >KOHKa/lap auMMarblHJA >XKYMbIC icTeupj,
COH/ZBIKTAH TiC HeTi3iHeH apTKbl >KaFbIHJA K9HEe dPTEKTI T03aJbl, 6UTKEHI KYMbIC Ke3iHae
npoduiabi caKkray kepek CoJaH KeWiH apTKbl OeTiHAeri pykKcaT eTiireH TO3y/blH opTalla
MoH/Jlepi aaeTTe a3 6osaAbl [3]. 1-cypeTTe Tickecy Kypasiaphbl TicTepiHiH TO3y CbhI36achI
KepCeTiJireH.
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a) 6) B)

a — TerepiKTi MOJY/Ib/IiK dKOHFBII; 6 — 6YpaM/bIK KOHFBIIIL; B - KAlllay b1
1-cyper - TicTiH apTKbI 6eTiHA€eri TO3y
To3sy bipkeJiki eMec; TicTiH OYpbILITapbIH/AFbI €H, YJIKEH TO3Y, 0J1 LIEKTeYyli Jlen KaTesecei
(1-xecte). Kofapbl >KbUIJAMABIKTbl OOJIATTAaH »KacajfaH OypaM/bIK >KOHFbILITAP/bIH
Te3iM/Iisik Ke3eHi 55-TeH 6actan 360 MUHYTKA AeliHTi HOpMaTUBTepPre caliKec Kabbl1aHa/lbl,

KypaJl Kyp/ieJii »)koHe KalTa Kalpay KyHbl >KOFaphl.

1-kecre - Tickecy Kypa/iAapbIHbIH, PYKCaT €Ti/IT€H TO3y MIHAepi

Kypan OHjey ApTKpbI GeTiH/le MM-/le pYKCAT eTiJireH TO3y
(TicTiH yiubl)

TerepikTi MOAY/NBAIK *KOHFBILI | KapaJITbIM 0,2-0,4
KapaJTbiM 0,8-1,2
BypaMApbIK :KOHFBILI KapaJThiM 0,2-0,4
KapaaThbIM 0,5-0,8

TerepikTi KalaybIi KapaJThIM 0,06-0,12
0,8-1,0

2-CypeTTe TO3FaH TiCKeCy KypaslAapblHbIH CypeTTepi KepceTiireH

a) 6) B) r)
a, 6 - TerepikTi MOAY/IBAIK; B, T — OYpaM/bIK KOHFBILI; —» — TO3Y, >KapbIKIIaKTap
2-cypet - To3raH TicKkecy KypaJ/lAapbIHbIH, CypeTTepi
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m 2 1 MM MoAyJliMeH LUIMHAPJIIK TicTi 6epinicTepre apHaifaH mwakramaaap MEMCT 1643-81,
aJ1 mafblH MOAY/AbAI TicTi 6epinicTrepre m < 1 MM moaysabre te3iMzinik MEMCT 9178-81 [4]
apKbLJIbl aHbIKTaJIa/bl.

MEMCT 1643-81 O6o#blHIIA UWJWHAPJIK TicTi Oepisictepai eHAipy LIaKTaMaJsapbl
JuameTtpi 6300 MM-re aeiiH, ToxiHiH eHi 1250 MM-/ieH acrialThiH oHe 1-AeH 6acTtan 56-Fa
JlediHri Moay/bAi ChIPTKDI XKoHe ilIKi 6episicTep/iiH, 3BOJIbBEHTTI LIUIHUHJPJIK 6episicTepiHe
KosiZjaHbL1aAbl. 56 MM. TicTi floHFa/saKTap/AblH KoHe OepijsicTepaiH AaaairiHig 12 rpagycel
6esrizieHpi, an 1 xkaHe 2 fapexesiep laKTaMalapMeH peTTeaMensi

[5] »KyMbICTa ycak MOAY/IbA] TiC KallaybIIITapblH TO3YbIH 3epTTeY HOTHKeJIepi KeATipiireH.
To3y cunaThIH TYyCiHAIpY YILUiH Kauayblll TiCiHiH TO3y cxeMachl KeJTipijareH (3-cyper) [5].

3-cypert - Kauaybil TiCiHiH, TO3y cXxeMachbl

Ouiap Tebe KHeTiHiH apTKbI *KaFbIHbIH, a3/aM To3FaHbIH (h2), LIBIFbIC )KHUETiHIH apTKbI KaFbl
(h1) con kebipek TO3FaHBIH aHBIKTa/Jbl. MaKCUMyM TO3y ILIBIFBIC KY3iHiH apTKbl >KaFbIH/Q,
oJ1 oKlayJaHAblpblIFaH HeMece (h3) OypblluibiHAA HeMece ofiaH GipliaMa KambIKThIKTa (h4)
6oJ1aZibl. APTKbI >KaKTapAblH TO3y LaMaJlapbIHbIH, apaKaTblHAChl TYPAKThl OOJIbIN KaJIMaW/bl.
OJ1 eHpesieTiH MaTepUaliblH TiC Kallay IapTTapbIHbIH 63repyiMeH, aTan auTKaH/a, XKaran
OepyAiH, Kecy »XblUIAAaMAbIFbIHbIH, MOAYJ/Ib/IH, KalllaybIll TiCTEPiHiH, CaHbIHbIH, XX9He KeciJreH
JIOHTeJIeKTiH e3repyiMeH e3repesi. To3y cunaTbiHa KeIl Japexee kanmnau bepisic acep eTeTiHi
aHbIKTaABbI [5].

[6] xxyMBbICTa asibIHFaH TiCKecy KypaJllapbIHbIH TO3YbIH 3€pTTEY HOTHXKeJiepi KepceTKeH e,
TicKecy KypaJ/iJlapbIHblH, OepiKTiriHe UUIMHAPJIK TIiCTi JAOHFa/laKTap/blH, MOJYJi, COHbIMEH
KaTap Kecy pexxuM/iepi, JalblHAaMa KoHe KypaJl MaTepUasiiapbl acep eTez.

[6] »kyMbIcTa Toxipubesiep )ypridy yuiH 3; 3,5; 4 MM MoAy/bJepAiH JoMalaTy Kypaajapbl
(TicKbIpFBILI-AOMa/IaTKbIL) HalJalaHblIAbl. Op MOAY/AbAIH TiCKbIPFbILI-J0MaJlaTKbIII
yi 6epinicte cbiHaagbl (s=0,01; 0,05; 0,15 mm/Tic). KypangapablH O6epikTiriH 3epTTrey
KJIaCCHUKaJIbIK 9/licTeMe 60MbIHILIA XYPTi3iiai.
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Beusrisii 6ip yakpITTaH KeliH apTKpl KaKTapAaFbl TO3y eJlleH/l. OJiey aepeKkTepi 60ibIHIIA
TO3Y KHUCBIKTapbl CaJIbIHAbI, OJIApAbIH illliHEH MYKaJy KpUTepuMli peTiHZe KabOblLiJaHFaH
TO3y/IblH, 6eJiriji 6ip MeJiepiHe JeiiH JoMaaTy KypasblHbIH KYMBbIC YaKbIThl aHbIKTaJ/ibl.
CopnaH KeliH Taxipubesi AepeKkTep eHeJiN, 9p TypJii lapaMeTpJiepre TeO3IMAIIK Tayeaaiairi
aHBIKTAJIbIL.

4-cypeTTe LUMWJHUHAPJIK TICTI JOHFasaK MOAYJiHEH AOMaJsaTy KypaJblHbIH (TiCKbIPFbILI-
JloMasIaTKpI) 6epiKTik rpaduri KepceTijireH.
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m = 3,5 MM; S, = 0,01mm /Tic; z_ = 24; TICKbIPFbILI-OMaJIaTKbILI -1lIX-15, pakbingama - 6osat 40X;
V=35m/muH, HT-250U >xoHy 6injeringe eHaey

4-cypert - loMmanaTy KypaJsl (TICKbIPFbIII-A0MA/IaTKbIII) GepiKTiriHiH, GUJINHAPIIIK TicTi
AOHFaJ/IaK MOAYJIiHe TIyesAiiri

MogayibaiH as3arbIMeH CTAaHZAAPTThl TICKBIPFBIWITHIH, TiCIMEH aJIbIHBINI TacTaJaThIH
KabaTThblH, KaJIbIHABIFbl XYKapa/bl, OY/J TO3yAbl a3aWTaZbl KoHe JoMaJsaTy KypaJbIHbIH,
(TicKpIpFbILI-AOMaaTKbILI) 6epiKTIriH apTThIpabl.

Kecywi KypanjblH To3yfa TO3IMAUIIK Ke3eHiH caKTay, eHJey ollepalyaCcbIHbIH, 6HIMAIIrH
apTTBIPY¥a, OHBIH O©3IHJAIK KYHbIH TOMeHJeTyre eHJey MpOoLeciH OHTaWJbl Kecy pexxuM/epiH
OpbIHJaFaH/Ja FaHa KoJl KeTkisiseni. To3yFa Te3iMAiNIKTI apTThlpy KenTereH ¢dakTopJapra
TOyesi OoJsiaZibl: TeTiK >KoHe KecCylli KypaJl MaTepuaijapbiHa, oJIapAblH (QU3UKaAJIbIK-
MexaHUKaJIbIK KacueTTepiHe, CaJIKbIHAATY CYMbIFbIHA, KECY PEXKUM/EPiHIH MOH/AEpiHE XKIHE T.0.

Kecy »Kbl1JJaM/IbIFbl HEFYPJIBIM KOFaphl 00J1Ca, MallIMHA YaKbIThl COFYPJIbIM a3 60/1a/bl YKoHe
YKYMBIC OHIMZi/IIr COFYpJ/IbIM KOFapbl 60J1aJibl. OHJZley Ke3iHJe Kecy >XKbLIJaM/bIFbIH apTThIpY
Kecyllli KypaJiZiblH TO3ybIH Ke/IeJIIETIMI, OHbIH OepiKTik KacueTiHe Kepi acep eTyi 96/ieH bIKTUMaJ.
Kecy »Xbu1jaMbIFbIHBIH, MOHI TICTI J@HTresIeKTi AaWblHJayFa KOMbLIATBIH calla >XoHe JdJIJIK
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KOpCETKILITEPiHIH JleHrehiMeH aHbIKTalaAbl ZKyMbICTa Kecy »bUIJAM/IbIFbl 1I0Ma/IaTy KypaJibl-

HBIH, (TICKbIPFBIII-J0Ma/IaTKbILI) TO3Ybl MEH TYPAKThLIbIFbIHA 9CePi Jie 3epTTereH [6].
5-cypeTTe XYMbIC YaKbIThl MEH KeCy >KbLIJaM/IbIFbIHAH >XK9He acHanThblK MaTepuhasiaH

KbLJDKbIMaJIbl KYpaJiZiblH (TiCKbIPFbILI-L0MalaTKbIII) TO3YbIHbIH 63repyi KOpCeTI/IreH.
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m = 3,5 mMM; S = 0,01MM/Tic; z_= 24; TicKpIpFbILI-JoManaTKbiul ~111X-15,
JabiHgama — 6osaT 40X; 1-V=35m/muH, HT-250U xony 6ingeringe egaey; 2-V=45m/muH, HT-2501
JKOHY Gisifierinzie eHaey

5-cypeT - X KyMbIC yaKbIThl M€H KeCy *KbLIAAM/bIFbIHAH A0MAJIATy KYPaJbIHbIH TO3YbIHA dCEP
ety rpaduri

6-CypeTTe »KYMbIC YaKbITbIHA 9He KypaJl MaTepraJ/iblHa 6al/IaHbICThI OMaJIaTy KypaJlbl
TO3ybIHbIH 63repyiH KepceTeTiH rpadUuK KOpCeTireH.
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m=3,5mM; S =0,01MM/Tic; Z_= 24; TicKpIpFbILI-goManaTKbim - [X-15, naibingama - 6osat 40X;
1- HT-250U xony 6ingerinae P18 eHaeyaeH asbIHFaH TiCKbIPFBINI-AoManaTKbI; 2— HT-250U1 »xoHy
6ingeringe [IX-15 eHeyaeH asibIHFAH TiCKbIPFbIII-[OMaJIaTKbILI

6-cypeT - ’KyMbIC yaKbITbIHAH ’K9He acNanThIK MaTEPHA/IJAaH JOMaJIaTy KYPaJIbIHbIH TO3ybIHA
acep ety rpaduri

YcbIHBIIFAH MaJsliMeTTepAeH (5 koHe 6-CcypeTTi KapaHbI3) KepiHin TypFaHjaH, JoMaaaTy
Kypa/JibiMeH (TiCKbIPFBILI-AOMANATKbILI) 6HJey YUIiH IIapJjibl MOUBIHTIPEKTIK 6oJiaTTaH
»kacasiraH (IIX-15) »kaHa azic meH JoMasaTy KypaJJapblH KOJIJIaHY KOHY GiJiIeriH/e KypaJiAbIH
KbI3MeT eTy Mep3iMiH 1,6...1,8 ece apTThIpaibl, COHbIMEH KaTap KbIMOAT Tic eH/Jiey Oi/leriHiH,
KYHbIH TOMEH/IeTyre MyMKiH/lik 6epei. [llapsibl MoHbIHTipeKkTiK 601aTTaH (111X15) xkacanraH
TiC eHJey KypaJblH KOJIJAHY 6HJey OHIMAUIIrIH apTThIpyMeH KaTap, KaXeTTi AdJJIKTI,
eJilIeM/Iep/liH, TYPaKTbUIbIFbIH, OHJEJIeTiH [AOHFaJlaK TicTepi OeTiHiH >»ofapbl camnacblH
KaMTaMachI3 eTe/li )XoHe TEeXHOJIOTUSAJIbIK MyMKiHAIKTepal KkeHelTe . CoHau-aK acnanThIK
MaTepuaslapAblH OPHbIHA KOHCTPYKLHSJBIK O0JaTTapAbl KOJJaHYFa MYMKIiH/AiK 6GepeTiH
TepMOPPUKLUSIBIK 6HAey djicTepi 6enarini [7,8,9,10]. YakeH MoAyabAi UUAWHJAPJIK TicTi
JIOHFaJIaKTap TicTepiH eHJey[e TeEpMOPPHUKIHUSIBIK KECY TEXHOJOTUSJIAPbIH KOJIAAHY YIIiH
[11,12,13,14,15] >)kyMbICcTa a/IbIHFaH HOTHKeJIep NPAKTUKAJIbIK >KoHE FbLJIbIMU TYPFbI/IaH HeTi3
60J1a anajbl. YJIKEH MOAY/AbJI AJIUHAPJIK TiCTi JOHFa/JaKTapAbl 6H/ipy/e, OHbIH, TiCTepiHiH
OMBIKTapbIH KaJbINTACThIPY KYypZeJii 2KoHe KOFapbl eHOEK ChIbIM/bLIbIFbIHA Ue 60J1a/1bl. By
NPOLECTI OpbIHAAY KYpaJslblH, TO3y KapKbIH/AbLIbIFbIHBIH »KOFapbljaybIMeH, 6HAeY AdJIJIr1
MeH OHIM/JJIIriHiH TeMeH/leyiMeH, COHJlalh-aK OlepalUsHbIH, 63IH/iK KYHBIHBIH apTybIMeH
6ipre xype/i.
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CoHbIMeH KaTap, 6HJeJIeTiH TIiCTi JOHFaJaKTap MOAYJi yJIFalFaH CalblH KypaJAblH TO3YbI
ColiKecCiHILe apTa/bl, Oy/1 OHBIH OepiKTik Ke3eHiHe Tepic acep eTei (4-cypeTTi KapaHbI3).

HaTH:Kesiep MeH TaJIKblIayJiap

MacesieHiH Kau-KyWiH 3epTTey HOTHUKeJiepl YJKeH MOAYJIbJAI LUJIMHAPJIK TIiCTi JOH-
FaJlaKTap/bl OHJEY/iH >XaHa 9JiCiH >KoHe OHBbI >Ky3ere achblpy VIIiH apHaWbl KypaJiJblH
KOHCTPYKLMSCBIH Kacay KaKeTTuIiriH Tasan etefi. Kasipri yakpitta C. Cedy/I/IMH aTbIHJAFbI
KasakK arpoTexHUKasblK 3€pTTey YHUBEpPCUTETiHiH “TeXHOJIOTHUANBIK MallhHalap >XoHe
abablKTap” kadegpacelHAa ipi MoayabAi LUAMHAPJIK TICTI JOHFaJaKTap/blH TicTepiH
eHJey/liH TepMOPPUKLHUAIBIK dJiCiH 93ipsiey GOMbIHIIA FbIJIBIMU 3epTTey/ep Kyprisinyze.
HunuHApuik TicTi JOHFalaKTapAblH TiC OUBIMAAPbIH TEPMOPPUKLHUAIBIK >KOHFbLIAY >KOHE
MMIYJAbCTI CaJKbIHAATY apKblibl TEPMOPPUKIUAIBIK KOHFbLIAY JJlicTepiMeH 6HJAeyre
apHaJIFaH MOAYJbAIK TerepikTi YHKeJIiC »KOHFbIIITApPbIHbIH KOHCTPYKIUSIAPbI 93ipJeH/i.
7-CypeTTe MOAY/bJIK TerepiKTiK YHKeJIiC KOHFbIIITAPbIHbIH KOHCTPYKLUsJIAPbI KOPCETIJITeH.

AA A, A-A AL L

My L.

a) 0)

a - Teric MOAY/Ib/li TerepiKTiK YUKeJIic YKOHFbI1lIbl; 6 —~OMbIKTApbl 6ap MOAYJIbAIK TerepikTi yiKeJic
YKOHFBIUIBL; L — KbI3JbIPY *oHE CaJIKbIHJIATy alMaFbIHbIH KafaMbl; L1 — KbI3/IbIpy ailMarbl;
L2 - cankbIHAaTy aiMaFbl

7-cypeTt - Moay/bJi TerepikTik yiKeJIic 2)KOHFbILITAPbIHBIH, KOHCTPYKIUsIIapbl

Teric MoaynbAiK TerepikTi YHKeJiC )KOHFbIIIBIHBIH, TOXKipUbeJik yarisiepi xxoHe oHbl 1K62
TOKapJIbIK-BUHTKECKIIl 6i/1/leKKe OpHAaTyFa apHaJ/IFaH apHalbl 963eJ1 Kacasbl.

8-cypeTTe Teric MOAYJIbAIK TerepikTi YHKeJiC >KOHFBIIIbIHbIH >XoHe apHalbl 29063eJ/iH,
doTocypeTTepi KepceTiireH
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a — apHabl )Kab/bIK >K9HE Teric MOAY/bAIK TerepikTi YiKeJlic })KOHFbIIIIbI;
6 - 1K62 ToKapJbIK-BUHTKECKILI 6iJIleKTe Teric MoAyJIbAiK TerepikTi yHKeJIic }KOHFBIIIbIH GEKIiTY;
1 - apHaiibl )KabApbIK; 2 - Teric MOAYJIbAIK TerepiKTi yHKeJlic }KOHFBIIIBL; 3 — apTKbI 6aclla;
4 - YUDKYABIPBIKIIAJIBI KbICKbI

8-cyper - Teric MoAy/IbAiK TerepikTi yiKeJiic ’KOHFbIIIbIHBIH, }KOHE apHalbl 963€eJ1AiH,
doTtocypeTtTepi

CoHpali-aK, MMIYJIbCTI CaJIKbIHAATY apKbLIbl TEPMOQPUKIIUSJIBIK XKOHFbLIAY d/1iCiH XKy3ere
achIpy YIIiH OMBIKTaphl 6ap MOAYJIb/IK TerepiKTi yiKeJlic >)KOHFbILIbIHbIH, TXKipOUesliK yaricin
»Kacay OOMbIHIIA KYMbICTAP asiKTa/bl.

KOpBITBIHABI

1. Tickecy Kypa/ilapblHbIH TO3ybIH 3epTTey TiCKeCy KypaJJapblHbIH TicTepi Heri3iHeH
apTKpl 6eT 60MbIHIIA TO3AThIHbIH X9HE 0JIap/blH OipKeJiIKi eMec eKeHiH KepCeTTi.

2. OHJeNeTiH TICTI JOHFaJAKTapAbIH MOAYJIiHIH YJIFalObIMEH KypaJ[blH TO3ybl COUKeCiHIlIe
YKOFapbLJIaUThIHbI aHbIKTaJI/bl, 6YJ1 OHbIH KbI3MET €Ty Mep3iMiHe Tepic acep eTefi.

3. YakeH Moay/bJl UUJIWHAPJIK TICTI AOHFaJaKTapAbl eHJIpyAe acipece Kyphesi KoHe
eHOEKTI Kell KOKeT eTeTiH KypaslZiblH T03y KapKbIH/AbLIBIFbIHbIH *KOFapbLIaybIMeH, OHJEY/liH
JOJAIri MeH OHIMZAUIIriHIH TeMeHJeyiMeH, COHJAAW-aK oOmnepalusaHblH ©3iHJAIK KYHBIHBIH
»KOFapblIaybIMeH 6ipre »KypeTiH Tic oMbIM/IapblH 6H/Jey Mpoleci eKeH/iri aHbIKTa bl by
MoaCeJIeHiH, WeliMi - yJIKeH MOAY/bJI LUJIWHAPJIK TICTi JOFa/JlaKTapblHbIH, OUbIM/IapbIH
OHJey/iH KaHa 9/iCiH KaHe OHBbI Ky3ere acblpy VIIIH KypaJsJblH KOHCTPYKLMACBHIH >Kacay.
OcbifaH 6alJIaHBICTbl Ka3ipri yakbITTa LUMWJWHAPJIK TIiCTi JOHFa/JaKTap/iblH OWbIMApbIH
TepMOPPUKLHUSAIBIK >KOHFbLIAY >XoHEe HMMYJbCTIK CaJKbIHAATYFa He TepMOQPUKIHUSJIbIK
YKOHFBLIAY 9/jiCTepiMeH eHJeyre apHa/JfaH MOAY/bAIK TerepiKTi YUKeJiC KOHFbIIITAPbIHbIH
KOHCTPYKLMAJIAPbI 93ipJIEH/].

230 N21(146)/ 2024 JL.H. l'ymunee amvindarul Eypasus yaimmoik yHugepcumeminiy XABAPILBICHI.
TexHUKA/IbIK FbLABIMOAD JHCIHE MEXHO102USAAP CePUSIChI
ISSN: 2616-7263. elSSN: 2663-1261



Tickecyui KypaadapdviH mypaKmbLabiFbl MEH MO3yblH 3epmmey

9ae6ueTTep Tizimi

1. T'ynupa 3.H. YnpaBiieHre HafieXKHOCTHIO ITUJIMHAPHUYECKUX 3y64YaThIX KoJiec. — JIbBOB: Bhiciiast
mkoJa, 1983.-136 c.

2. Kanmamnaukos C.H., Kanamaukos A.C. U3roToBJieHHe 3y04aThIX KoJiec. - M.: Beicias mikosta, 1980.
-303c.

3. DJJIeKTPOHHBIA [JOKYMEHT. JHIUKJoNeAus mno MamunHocTtpoeHuto XXL. O6GopyzoBaHue,
MaTepUaoBe/leHHe, MexaHUKa. https://mash-xxl.info/page/23119113924415919009206222701607
0249172210128162/

4. 06paboTka 3y64aThIX KoJiec: yuebH. mocobue/ coct. [leramkuu B. @.; M-Bo 06pa30BaHUs U HAYKU
P®: OTAOY BO «Yp®Y um. nepsoro IIpesugenta Poccuu B.H. Eabniuna», HuxkHeTarua. TeXHos. UH-T
(¢dun.). - Huxuuit Tarua: HTU (dunuan) Yp®y, 2016. - 132 c.

5. CmonbHukoB H.{., TkaueHko W.I, Aranos C.W. XapakTep U3Hoca MeJKOMO/YJbHbIX 3y00PE3HbIX
Jlon6skoB // O6paboTka MeTasnoB - HoBocubupck: U3a-so HI'TY, Ne 4 (45) 2009. - C.12-14.

6. MapgonoB B.T. IloBblllleHHMe TOYHOCTH 06PAGOTKM MPSAMO3YObIX LIMJIWHAPUYECKUX 3yOUaTbIX
KoJieC 06KaTHbIM UHCTPYMEHTOM: JIUCCepTalis HAa COUCKaHNe yUeHOH CTeNleHU JJOKTOpa TeXHUYeCKUX
Hayk 1o crnenyanbHocTH 05.02.05 - TexHOJIOTMH U NIpOLiecChl MeXaHUYEeCKOW U QU3UKO-TEXHUYECKOU
06pa6oTku. CTaHKU U UHCTPyMeHThI — TamkeHT: TamI'TY, 2018 - 215 c.

7.1llepoB K.T.,, Mazay6ati A.B., Cuxum6aeB M.P, UcarynoB A.3., lllepoB A.K., Pakumes A.K., Mycaes M.M.,
CuxumbaeBa [I.P. Cmoco6 TepMOGPUKLIMOHHON OTPE3KH MeTAJIMYECKUX 3aTOTOBOK C OXJIAXKJEHUEM U
KOHCTPyKUUs auckoBoi nuiel / [latenT N231934 PK na uso6petenue. 30.03.2017r. Bro1. Ne6.

8. lllepoB KT.,, MycaeB M.M., Kokko3 M.M. Cioco6 TepMoppUKIIMOHHOTO dpe3oTodueHuss U dppe3a
TpeHus // [latrenT PK Ne32933 Ha usobperenue. Ony6nkoBaHo 05.07.2018. bros1. Ne25.

9.lllepoB KT, MycaeB M.M,, Pakuues A.K., Tycynosa C.0. u ap. Cioco6 poTanioHHO-GPUKIMOHHOTO
TOYEHUS U KOHCTPYKIMs yanieyHoro pe3na // [lateHT N24140 PK Ha nose3nywo moaesns. 12.07.2019r.
Bros1. Ne28.

10. Sherov K.T,, Buzauova T.M., Sherov A.K, Ualiev D.Sh. and etc. Method for performing thermo-
friction cutting and strengthening treatment of cylindrical surfaces of workpieces by a friction disk /
Patent Ne KZ25649-A4. Derwent: 2019-31750G.

11. Masny6aii A.B. MeTas gaiiblHAaManap/ibl Kecy/liH, peCypCyYHEMILIJ TACI/IiH 3epTTeY XKaHe XKapaTy.
6D071200 - MamnHaxkacay MaMaH/bIFbI 60MbIHIIA punocodus gokTopsl (PhD) nspexecin any yiuin
JalblHAa/FaH aucceptanus. Kaparauabl: KapMTY, 2017-184 6.

12. AiHab6ekoBa C.C. OnTUMM3ALMs PEXKHUMOB pe3aHUSA MPU TepMOPPHUKIMOHHOU 06paboTKe
TpyAHOOGpabaTblBaeMblX MaTepHaJOB HAa OCHOBE HCC/IeJ0BaHUA (PU3MKO-MEXaHUYeCKUX CBOMCTB
HOBEPXHOCTHOTO CJIOSI: JUCCepTalMsl Ha COUCKaHUe cTeneHH JAokTopa ¢uyuocodun (PhD) mo
cnenuanbHocT 6D071200 - «MammuHocTpoeHue». Kaparanza: KapI'TY, 2020 - 166 c.

13. PakuieB A.K. PoTanusanbik-GpUKLUANBIK, KOHY KypaMaJbl TICIIiH FBUIBIMU 3€PTTEY KIHE
»kapaty. 6D071200 - MamuHaxacay MaMaH/bIFbl 6oibiHIIAa ¢unocodus goktopsl (PhD) gapexecin
aJly yuIiH Jadibiaaanras aucceprauus. Kaparauaer:: KapMTY, 2017-172 6.

14. MycaeB M.M. BepikTiri »xofapbl MaTepUaaAapAbl 6HAeY[iH KelleHJi TOCiJiH 3epTTey KoHe
*kapaTty. 6D071200 - MamnHa)kacay MaMaH/bIFbl 6olbIHIIA punocodus poktopsl (PhD) mapexecin
asy yuriH galibiaaanraH aucceprauus. Kaparauaer: KapMTY, 2017-152 6.

15. Jlonen6aeB b.C. Tay-keH MeTa/JIyprusicbl KellleHi TEXHOJIOTHSJIBIK abbIKTapbIHbIH, YJIKEeH
rabapuTTi TeTiKTepiH JaspJiayAblH YHEMIIJl TeXHOJIOrUsachbiH aparty. 6D071200 - MamuHaxacay
MaMaH/bIFbl 60HbIHINA punocodus gokTopsl (PhD) nopexecin any yiiH galbIHIaIFaH JUCCEPTAIUS.
Kaparangpi: KapMTY, 2018 -149 6.

JLH. 'ymusnee amvindarsl Eypasus yaimmoik yHusepcumeminiy XABAPIBICHI. N21(146)/ 2024 231
TexHUKA/IbIK FbIALIMOAP HCIHE MEXHOA02USNAD CEPUSIChI
ISSN: 2616-7263. elSSN: 2663-1261



Il Tammuwmé6ek, K.T. lllepos, C.C. Alinabekosa, E.b. Uman6aes, I'M. Tycyn6ekosa
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HccaegoBaHne H3HOCA M CTOMKOCTH 3yG0OpEe3HbIX UHCTPYMEHTOB

AHHoOTanusa. B npejcraBiieHHOW paGoTe MPUBOJSTCA Pe3yAbTAaThl HCCAEOBAHUS COCTOSIHUSA
npo6/ieMbl U3HOCA 3y60PE3HBIX MHCTPYMEHTOB. Lle/1blo Hay4YHOT0 MCCleJ0BaHus AB/ISeTCS BbIsIBJIEHUE
NPUYUHbBI U3HOCA 3y60PE3HBIX UHCTPYMEHTOB, a2 TAKXKe pa3paboTKa cnocoba 06paboTKU BIIa/IMH 3yObeB
3y064aThIX KOJIeC U KOHCTPYKLMH CHEeLHaJbHOTO MHCTPyMeHTa [Ji ero peajusBaldU. BblllosiHEH
0630p Hay4yHbIX paboT MO MCCAe[0BaHUI0 U3HAIUMBAHUSA 3yOOpPEe3HbIX UHCTPYMEHTOB U BbISIBJEHDI
daxTopsl, OKa3bpIBaWLMe BJAUSHNE HA MHTEHCUBHOCTb U3HOCA. BbISIBJIEHO, UYTO OJJHUM M3 OCHOBHBIX
$aKTOpOB, BAUAIIIUX HA MU3HOC 3y60pPE3HOr0o MHCTPYMEHTA, SIBJASETCH MOAY/Ib 06pabaTbIBAEMOI0O
3yb4yaToro kKojieca M C yBeJINUeHHEM €ero, COOTBETCTBEHHO, yBeJUYMBaeTCd M3HOC WHCTPYMEHTa.
Oco6eHHO 3TO UMeeT MeCTO IPY U3rOTOBJIEHUU KPYITHOMOAY/IbHBIX IUJIUHAPUYECKUX 3y6UYaThIX KOJIEC,
B YAaCTHOCTH B IIpoliecce 00pabOTKU BNaAWH 3yObeB, IPU KOTOPOM yBeJUYMBaeTCd UHTEHCUBHOCTH
M3HOCAa UHCTPYMEHTA, CHUXKAETCSI TOYHOCTb M IPOU3BOUTEIbHOCTh 06paboTKY, a TaKKe MOBbILIAETCs
ceb6ecToMMOCTb onepanuu. Takoe cocTosiHMe NpoLecca CBsI3aHO B IePBYI0 oYepe/ib C HEOOX04MMOCTBIO
yJasieHds 60JbIIoro 06béMa MeTasljia U3 BIaJuH 3y64aToro KoJéca.

Jns pelieHus JaHHOUM Mpo6JsieMbl NpeAJiaraeTcs HOBBIM pecypcocbeperamiiui cnocob Tepmod-
PUKLMOHHOM 00pabOTKM BHAJUH 3yObeB KPYHNHOMOAY/BHBIX LUJUHJPUYECKHUX 3yO6YaThIX KOJIEC.
Pa3paboTaHbl KOHCTPYKLHUHU MOAYJBHBIX JUCKOBbIX ¢pe3 TpeHHUA - A 00pabOTKU BNaAUH
3yObeB LMJIMHAPUYECKUX 3yOuUaTbIX KOJIEC CHOCO6aMU TepMOPpPUKIHMOHHOrO ¢pe3epoBaHUs U
TepMOQPUKIIMOHHOTO ppe3epoBaHUs C UMIYJIbCHBIM OXJIaKAeHHeM. U3roToB/IeHbl ONIBITHBIE 06pa31ibl
TJIaZIKOM MOJYJBHOM AHMCKOBOHM ¢pe3bl TPeHHUS U CIEeNHaJbHOM OCHACTKH [IJIl ero 3aKpelsieHus Ha
TOKapHO-BUHTOPE3HOM CTaHKe.

Kinwo4yeBble c0Ba: M3HOC 3y60pPE3HOr0 HWHCTPYMEHTA, KPYNHOMOAY/bHblE 3yGuaTble KoJieca,
NepuoJ, CTOMKOCTH, TepMOPPUKI[MOHHAsA 06paboTKa, ppe3a TpeHHus.

G. Tattimbek!?, K.T. Sherov*?, S.S. Ainabekova?, E.B. Imanbaev*, G.M. Tusupbekova®
L25Kazakh Agrotechnical Research University named after. S. Seifullina, Astana, Kazakhstan
3Karaganda Industrial University, Temirtau, Kazakhstan
*Electric locomotive kurastyru zauyty LLP, Astana, Kazakhstan

Study of wear and durability of gear cuttering tools
Abstract. This article presents research findings on the wear of gear cutting tools. The purpose of

the scientific research is to identify the causes of wear of gear cutting tools, as well as to develop a
method for processing the cavities of gear teeth and the design of a special tool for its implementation.
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A review of scientific works on the study of wear of gear cutting tools has been carried out and factors
influencing the intensity of wear have been identified. It was revealed that one of the main factors
influencing the wear of a gear cutting tool is the module of the gear being processed and as it increases,
the wear of the tool increases accordingly. This is especially the case in the manufacture of large-module
cylindrical gears, in particular in the process of machining tooth cavities. At which the intensity of tool
wear increases, the accuracy and productivity of processing decreases, and the cost of the operation
increases. This state of the process is primarily due to the need to remove a large volume of metal from
the cavities of the gear wheel.

To solve this problem, a new resource-saving method of thermal friction processing of tooth cavities
oflarge-module cylindrical gears is proposed. Designs of modular friction disk mills have been developed
for processing the tooth cavities of cylindrical gears using thermal friction milling and thermal friction
milling with pulse cooling. Prototypes of a smooth modular friction disk mill and special equipment for
mounting it on a screw-cutting lathe were manufactured.

Keywords. Wear of gear cutting tools, coarse-grained gears, service life, thermal friction treatment,
friction cutter.
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Web-uHTerpauus

Apbic6aeB ApceH

Kazaxcmatcko-Hemeykuli yHusepcumem, Aamamvl, KazaxcmaH

(E-mail: arsen.arysbaev@bk.ru ))

AHHOTanus. B jaHHOM cTaThe ObIJIM PacCMOTPEHKI K/atoueBble acrieKTbl WEB-uH-
Terpanyy, ee TUIbl U NMOJAXOAbI, a TaKXe UX NMPEHUMYylecTBa C TEXHUYECKOW TOY-
KU 3peHHs] U C TOUYKU 3peHUs1 6u3Heca. [lofHAT Bompoc 06 aKTyaJbHOCTH U POJIH
WEB-unTerpanyu 1 WEB-cepBUCOB B COBPEMEHHOCTH, a TaKXXe IMpeJCTaBJsIeMbIX
MMH NpeuMyllecTBax. Pa3o6paHbl ABa OCHOBHBIX THINA MHTerpauuu. O06G0CHOBaHbI U
nepevyrceHbl MOJOXKUTEIbHbIE CTOPOHBI U NperMylecTBa WEB-UHTerpauuu c Tou-
KU 3peHUs OGH3Heca. Pa3o6paHbl OCHOBHBbIE MOJXO/bI, KOTOPbIE UCIOJb3YIOTCH [JIs
WEB-uHTerpanuu: uHTerpalus Ha ypoBHe NpeJCTaBJ/IeHUs], UHTerpalus Ha ypoOBHE
YHKIIMOHA/NbHOCTH, UHTErpalMs Ha YPOBHE JJaHHbIX U KOMILJIEKCHAsl UHTerpanus.
OnucaHbl CUTYalMU U CIydyad IPUMeHEeHUs KaXK/A0T0 U3 BblLIeNepedyrc/IeHHbIX TUIIOB
WEB-uHTerpanuy, a Takke BO3MOXXHOCTH, IPeOCTaBJsieMble UMU [J51 Pa3/JIUUYHbIX
cutyanuil. [IpoBesieH aHa/IM3 ¥ cpaBHEHUE OCHOBHBIX TUIIOB WEB-UHTerpauuu u npu-
BeJleHbl IpUMepbl HA OCHOBE UHTErPUPOBAHUSA COIMATIbHBIX CeTel, a UMEHHO — UH-
Terpanusi COUaJbHbIX CETEN HA CAUT, YTO SIBJISIETCS OJHUM U3 CaMbIX 3¢ PEeKTUBHbBIX
CIoCcO60B UHTErPaLMH C LieJIbl0 paclIMpeHUsl OxBaTa ayJJUTOPUH, YIIPOLIEHUs U B3a-
HMOJIEMCTBUS C MOJIb30BaTesieM. PaccMOTpeHB! CleAyiolre NPUMepPbl HHTerpaluu
COIMa/IbHBIX CeTel Ha CaWT: Jjo6aBsieHHe KHONOK “llogenutnsca” u “HpaButca” s
NpeAoCTaBJeHUs] M0JIb30BaTENsIM BO3MOXXHOCTH peardpoBaTbh Ha KOHTEHT JIPyTUX
MoJIb30BaTeJIeH, a TaKXKe JeJIUThCA UM; BCTpauBaHUe KOHTEHTA COLMAJbHBIX CeTel,
Jlatoliiee BO3MOXKHOCTb BCTPAUBATh MOCThI U3 COI[UAIbHBIX CeTel MPSMHUKOM Ha CalT;
vcnoJsib3oBaHue API c Lesiblo nosiydyeHUs JaHHBIX O N0JIb30BaTe ax. [I[puBeeHs! pe-
3yJIbTAThbl UCCJIe0BAaHNUA U BBIBOZbI HAa TeMy akTyajibHocTH WEB-nHTerpanuu u ee
pOJId B COBPEMEHHOM MHUPE.

KiroueBble ciioBa: unterpanusa, WEB-uHTerpanud, TUIl MHTErpaLuy, NpeumMylie-
ctBa, WEB-cepBuc.
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BBeaeHue

B coBpeMeHHOCTH, KOTZja UHGOPMAaLMOHHbIE TEXHOJOTUH ObICTPO Pa3BUBAIOTCA U UTPAIOT
HEOTbeMJIEMYIO, BaXKHYI0 poJsib B 6u3Hece, koHuenuuu WEB-unTerpauuu u WEB-cepBucoB
CTAaHOBATCA 6o0Jiee BaXXHBIMU, aKTyaJbHbIMH U, caMoe IJlaBHOe, BocTpeb6oBaHHbIMU. WEB-
MHTerpanusa fBJseTcs OYeHb MOLIHBIM CPeACTBOM, TaK KaK OHa N03BOJIIeT UHTErpUPOBaATh
WEB-npuioxxeHuss ¥ MHQOPMALMOHHbIEe CUCTEMBI B e[JUHYIO CpeAy, obecriedrBas NpU 3TOM
coBMeCcTHOe (QYHKLMOHUpOBaHHe U 3ddekTHBHOe B3aumogeilctBue. WEB-uHTerpanus
obecrneyrMBaeT CHHXPOHU3UMpPOBaHHOEe QyHKLMOHUPOoBaHMe WEB-caliTOB, cucTeM CKJIaCKOIo
ydeTa, OyXrajJTepuu, MHTepHeT-Mara3uHoB U JpyTrUx ClieljMaJu3UpOBaHHbIX IPOrpaMM. ITO
O3HayaeT, YTO U3MEHEHHUS B OJHOW CUCTEMe MOTYT HeMeJJIEeHHO OTPa3uThCAd B JPYyTrOM, UTO
croco6cTByeT 60Jiee 3G PeKTUBHOMY YIIPaBJIE€HHUIO JAHHBIMU U NIPOLIECCaAMH.

WEB-uHTerpanus npejocTtaB/isieT pa3JMyHble IPeuMyllecTBa AJs OM3Heca, Takue, Kak:
KOHTPOJIb UHPOPMALMY, IPe/CTaBJIeHHON NOTpebUTe M, yIIpaBJieHrue HHPOPMalMOHHBIMU
CUCTeMaMH, yBeJIMUeHHe NPOJax U CHUXKeHH e PacX0J 0B Ha MPOLecChl 06pabOTKU JaHHBIX, YTO,
HECOMHEHHO, CII0COOCTBYeT 3P PEeKTUBHOMY COBMEILIEHUIO PAa3/IMYHbIX aCIEKTOB OU3HECa, OT
OTZeJIOB IPOAAX U KJIMEHTCKOU NOAJEP>KKHU [0 CKJIaAa U yyeTa.

Cyl1ecTBYIOT JiBa Cl1I0CO6A UHTErpaluu:

Jlo0aBJIeHMe 3JIeMeHTa K yXKe CyllecTByollel cucreMe. [I[puMepoM fAABsgeTcAa MHTerpayusa
CUCTEeMbI OHJIANH-0IIJIAaThI B CYLeCTBYIOLIUN UHTEpPHET-MarasuH;

obpa3oBaHHWe HOBOM CHUCTEMbl IOCPEJCTBOM COeJMHEeHHUs 3jeMeHTOB. [I[puMepomM MoxeT
canyxkuThb coefruHeHue CRM-crucTeM, UHCTPYyMEHTOB 3/1eKTPOHHOM IOYThI M COLlMAJIbHBIX Mejha
JIJ1S1 CO3/1aHUS KOMILJIEKCHOW MJIaTGOPMBbI yIipaBjeHHUs] B3AaUMOOTHOIIEHUSIMU C KJIMEHTaMH.

2. MeToAbI

Web-vHTerpauus BjseTcs NpPOLECCOM, MTOrOM o06beJuWHeHHWs pa3HopoAHbix WEB-
IPUJIOKEHUH U CUCTEM B eJUHYI0 cpesly Ha 6a3e WEB.

WEB-uHTerpayusa - CUHXpPOHHM3UPOBaHHOe (YHKIMOHMPOBAHHME CalTa MU pPa3JUYHBIX
CneLUaJU3UpPOBAHHBIX MOJ, 3TO NpPOrpaMM, YTO NOJApa3yMeBaeT B3aHMMOJEHCTBUE MeEXIy
WHTepHeT-MarasuHaMy, pa3Ho06pa3HbIMUA pecypcaMM Koprnopauvil ¥ MHPOpMalMOHHBIMU
CUCTeMaMH, KOTOpOe IIPU U3MEHEHUH B OJIHOM Liell1 3BeHa BJleYeT U3MEeHEeHUs NOBCIOAY.

B CBfI3M C NOCTOSAHHBIM TEXHOJIOTMYECKUM IIpOrpeccoM, BO3HUKAeT IMOTPEOHOCTb B
3¢PeKTUBHON HMHTErpalud HOBOBBEJEHUW C 1|eJIbl0 YJIy4lIeHUs] OU3HeC-NMpPOIeccoB, 4YTO
fenaer WEB-uHTerpauutoo o4yeHb BocTpeboBaHHOU. B smoxy 6osbmiux WEB-uHTerpanus
ABJIIeTC HeOOXOAMMOM [/ ynpaBJieHWs M aHa/ii3a OTPOMHBIX 00beMOB HMHGQOpMaLUH,
co6uparoIeics ¢ pa3JIMYHbIX UCTOYHUKOB.

WEB-uHTerpanusa sB/aseTcs akTyaJbHOU /g JII0ObIX GU3HEC-NIPOLLeCCOB, CHHXPOHU3aLU I
CUCTEM B 3JIEKTPOHHOM OU3Hece.

[IepedurcIMM IOJIOXKUTeE/IbHbIE CTOPOHBI M TpenuMyLecTB WEB-UHTerpanym ¢ TO4KU 3peHus
6u3Heca:
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JIETKOCTb KOHTpOJIs1 Haj HWHbOpMauued OT MNOTpebUTesNsl HA pasJUMYHbIX TOYKax
B3aUMO/JeUCTBUS;

OCylleCcTBJIeHMe MpeJCTaBJIeHUs TOYHEHUIMX JaHHbIX Ha LHUQPPOBBIX TOUYKaX
B3auMoJencTBuUA c LIA;

NOBBILIEHNE YPOBHSA NPOAAX 3a CYeT pacClIMpeHUs NOTeHMala U BO3MOXXHOCTEN OT/ZEJIOB
NpeANpUATHM;

CHW>KeHHMe YPOBHS Pacxo/i0B Ha py4YHY0 06pabOTKY JaHHBIX, OTYETOB;

CHU>KEHME YPOBHSl pacxoZil0oB Ha aJJMMHHUCTpalnyi HHPopManuoHHbIX cucteM U WEB-
CalTOB;

yJy4ylIeHHs] MeHeJ>KMeHTa Y YIIPollleHue OU3HeC-NPoLeccoB;

3KOHOMUS BPEMEHU U PECYpPCOB.

[lepeuncivmM noJyioKUTeIbHbIE CTOPOHBI U IpenMyiecTB WEB-uHTerpanuu ¢ TeXHU4eCcKou
TOYKH 3pEHUS:

WEB-uHTerpauus gaeT BO3SMOXKHOCTb pa3BepThIBaHUS UHPOPMALMOHHBIX CUCTEM Ha 6a3e
CTOPOHHUX NPUJIOKEHUN 6€3 He0OX0AMMOCTH pa3bupaThCs B UX CUCTEMAX;

BO3MOXXHOCTb CO3/JaHUsI KOMIIJIEKCHOM QYHKIIMOHAJIbHOCTH, IOCPEACTBOM KOMOMHUPOBAHUS
Pa3HOPOJHBIX KOMIOHEHThI ¢ nomoumbido WEB-NpoToK0/10B, ycTaHaBJIMBas NPHUJIOXKEHUS,
npeAcTaBJeHHble pellleHWeM /1Jis UHTerpaluy Co3JaHHble CTOPOHHUMHU pa3paboTuMKaMy, B
WEB-unTepdeiice;

npenocrtasyeHusa gocrtyna kK WEB-cepBrcaM pa3paboTUUKOB;

IpeuMMyllecTBa B NOJJEP:KKe, YIPABJASIEMOCTH U pa3BepTbIBAHUM COLUAJIBHBIX CeTed B
ntore WEB-cepBuchl, ucnosibzoBanuss WEB-cepBucaMu NporpaMMHOTO SI3bIKa.

PaccMoTpUM YeTblpe OCHOBHBIX I0/1X0/a, KOTOPbIe HC0Jb3YyI0TCA /11 Web nHTerpanuu:

[l peasiv3aliid B3aUMO/IEMCTBHS C y/JaJIEeHHbIMU pelleHUs MU, UCII0JIb3yeTCs MHTerpayus
Ha YpOBHe IpeJCTaB/IeHUs], KOTOpasi OTKPbIBAeT JOCTYMN K UX MHTepdelicaM. [laHHbIA ypOBEHb
N03BOJISIET IOJIb30BaTe0 B3aUMOJEUCTBOBAaThb C MpuUJyoXeHHeM. HTerpauus Ha ypoBHe
npeJcTaBJAeHusl AaéT JOCTYI K M0JIb30BaTeJAbCKOMY UHTepdelcy y/jaJleHHbIX IPUI0XKEHUH.
WHTerpanysa Ha ypoBHe NpeJCTaBJIEeHUs B IJIaHE peajU3alidU SIBJSETCS CaMOM NMPOCTOH,
O/IHAKO UMeeT OrpaHUYeHHUs N0 GYHKIIMOHANY U THOKOCTH;

JLIS1 OCyIIeCTBJIEHUS] NPSAMOro JOCTyna K OW3HecC-JIOTMKe MPUJIOXKEHHWH MOCpeiCTBOM
B3aumozenucteusa nociaefgHux no APl mau WEB-cepBuCOB, ucnosib3yeTca UHTerpanus Ha
ypoBHe QyHKLHOHaAbHOCTH. [lofpa3dymeBaeTcss obecnieyeHre NPSAMOro AOCTyna K GU3Hec-
JIOTUKEe TpPUJOXKeHUH. [IpoucXoAUT IO HMTOTYy HENOCPeACTBEHHOIO B3auMMOJEeNCTBUEM
npunoxkeHun ¢ APl wau B3aumogenctBus nocpencrBoMm WEB-cepBucoB. MHTerpanusa Ha
YPOBHE PYHKIMOHAJbHOCTU B CPABHEHUH C OCTAJIbHBIMU TUIIAaMU 60Jiee CJI0’KHasi B HACTPOHKe,
HO MMeeT 60Jiee LIMPOKUE BOSMOXKHOCTH;

JUIS1 OCYyILleCTBJIEHUs IOCTyNa K 6a3aM JJaHHbIX YaJleHHbIX IPOrpaMM U CUCTEM PUMEHSIOT
MHTEerpanyo Ha YpoBHe JaHHbIX. UHTerpauus Ha ypoBHe JaHHbIX B CPABHEHUU C OCTaJIbHBIMU
TUIIAMU BblJle/IIeT aKIeHT Ha o6MeHe MH$oOpManueld U AocTyne K 6a3aM JaHHbIX. JlocTyn K
OJIHOM UJIM HECKOJIbKUM 6a3aM JJaHHbIX, UCII0JIb3YeMBIX YAAJ€HHbIM IPUJIOKEHHUEM;

KOMILJIEKCHAsl UHTerpanus siB/seTcs 06’be/JuHEHHEM BCeX TPeX TUIIOB UHTErpaliuy B pa3HOM
cooTHomeHUU. OcyllecTBAsIETCd CHELUATU3UPOBAHHBIMU KOMMEPYECKMMHU pelleHUSIMU.
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KomIjiekcHasi MHTerpaius foJjie3Hee BCex B c/ly4ae 00'beJUHEHUSI pa3HbIX TUIIOB MHTErpaluu
C LeJIIMU JOCTHKEHUSI TUOKOM MHTerpanu MexX 1y NpUa0KEHUSIMU.

WHTerpanus conyaabHbIX ceTel Ha CalT - 3P PeKTUBHBIN CIOCO6 MHTErpaLMu C 11eJIbI0 pac-
IIMpEHUS OXBaTa ayJUTOPUH U YIIPOILEHUS B3aUMOENCTBUSA C M0Jib30BaTesieM. PaccMoTpum
ocHOBHbIe npuMepbl WEB-HUHTerpanuu AJisl couuaibHbIX CETEN.

CaMbIil pacipocTpaHeHHbIH C1OCO6 MHTErpalu COLUAJbHBIX CeTe! - 1006aBIeHre KHOIOK
«Ilopenutbca» v «HpaBuTca». JlaHHad WHTerpanysa nN03BoJdeT N10J1b30BaTeIAM pearupoBaTh
Ha KOHTEHT JIPYTUX M0Jb30BaTeJen.

[Ipumep koja aJis no6aByieHus kHonku «[logenutncsa» Ha Facebook:

<a href="https://www.facebook.com/sharer/sharer.php?u=YOUR_URL" target="_blank">
<img src="path/to/facebook-icon.png" alt="Ilodeaumuscsa Ha Facebook"></a>
YOUR_URL - adpec unmezpupyemozo catima uau cmpaHuybl.

BcTpanBaHUe KOHTEHTA COLMA/IbHBIX CETEN — ellle OJJMH U3 MHOTHX CII0COO0B UHTErpaluHy,
CaMbli pacnpocTpaHeHHbIN. /laeT BO3MOXXHOCTb BCTPAuBaTh MOCThI U3 COLMAJIBHBIX CeTeu
IpsAMO Ha CaMT.

[IpuMep kofa A1l BCTpauBaHUs nocTta TBUTTepa:

<blockquote class="twitter-tweet">
<a href="https://twitter.com/IlpumepTeuma/status/1234567890">Texkcm meuma</a>
</blockquote>
<script async src="https://platform.twitter.com/widgets.js" charset="utf-8"></script>
https://twitter.com/Ilpumep Teuma/status/1234567890 - ccvlnka Ha ecmpausaemblii nocm.

Jns co3paHus 6oJsiee CA0XKHBIX UHTerpauun ucnosb3yetcsd APl counanbHbix ceTeil. 3TO
NpUBEJIET K MOJYYEHUIO JAHHBIX O MOJIb30BATE/SAX, BO3MOXXHOCTH MYy6JIUKOBATh KOHTEHT OT
UX UMeHU U T.A. [lns paboTsl ¢ API connanbHbIX ceTeil TOTPeOYOTCA AOCTYN K CHelMalbHbIM
KJItouaM, “HPopMalus 0 KOTOPbIX XPAaHUTCS B JIOKyMEHTALMU.

[Ipumep ucnosb3zoBanusa API Facebook asia nonydyenuss uHpopManuu o rnoJsib3oBaTerie:

FB.api('/me’{fields: 'name,email’}, function (response) {
console.log('/lanHbie noav3osameans: '+ JSON.stringify(response));

M

Pe3ynbTaThl U 06CYyXK/eHHE

Tabsuna 1
CpaBHeHue TunoB WEB-unTerpanuun
Tun OnucaHue IIpenmyiiecTBa HepocraTku
WHTerpanus Ha OTKpBIBaeT AOCTY [IpocT B peasuzanuu dyHKHOHAN
ypOBHE NpeACTaB- | K uHTepdelicam U TUOKOCTh
JIeHus ylaJIeHHbIX PelleHuH, OTpaHUYEHbI
N103BOJISIS1 N0JIb30BATEJI0
HanpsMy0 B3aUMOJeN-
CTBOBAaTb C HUMH
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HHTerpanusa Ha

ypOoBHe QYyHKILINO-
HaJIbHOCTHU

O6ecneuyuBaeT NpsIMoOu
JIOCTYI K GU3HEC-JIOTHKE
npuokeHui yepes API
WJIU Be6-CepBUCHI

PaCI.LII/Ip(-Z‘HHbIe BO3-
MOHOCTH I10 CpaBHe-
HHIO C JPYTUMH THUIIA-
MH

Csi0’kHa B HacCTpolKe

WHTerpanusa Ha
YPOBHE JAHHBIX

Hpe,[[OCTanIHeT AOCTYII K
6aszam AAaHHBIX YAdJIEHHbIX
InporpaMmm M CUCTEM.

B nieHTpe BHUMaHUs
o6MeH UHpopManuei

cI)yHKI_[I/IOHEUH)HOCTI:
OrpaHHUY€Ha

KomMmniekcHast MH-
Terpauus

O6beanHeHHE BCEX TPeX
TUIIOB UHTErpalnuu B pas-

Camas ru6kas u QyHK-
IIMOHaJIbHAS.

CaMBbIH CJI0KHBIN U
JIOPOTOCTOSIIUM TUII

HBIX COOTHOILIEHHAX.

B Tabsune 1 o606uieHa uHGopManus 06 ocHOBHbIX TUnax WEB-uHTerpanuu. Tabsiuna
MIOKa3bIBaeT, [Jisl KAKUX CAy4YaeB MOAXOAUT TOT WM MHOW Tun WEB-uHTerpanuu, Ha Kakom
YPOBHE OHA J10/I>KHA BBIMOJHATLCSA AJis1 60/bl1e 3peKTUBHOCTH. [/ TOro, YTOObI BEIOPATH
HauboJiee noaxoasamu Tun WEB-uHTerpauuy, cjieayeT y4WTbIBaTh, B MEPBYIO O4Yepefb,
1|eJIM MHTerpanyy, QyHKIMOHaJIbHble BO3MOXXHOCTHU U CJI0KHOCTh peasu3alui, JajlbHeunnen
NOAJeP>KKU BbIOPAHHOT0 TUIIA UHTErpaliy, CTOUMOCTb Pa3JIMUHbIX BAPUAHTOB UHTErpaI|UH.

WHTerpanus coyuaabHbIX CeTeN Ha CalT ABJsseTCsd 3QPEeKTUBHBIM CIOCOOOM paclIMpeHUs
OXBaTa ayAWTOPUHM U yNPOILIEHUS B3aUMOJENCTBUS C MOJib30BaTeseM. BbIJIM paccCMOTpPEHDI
ocHOBHble mnpuMepbl WEB-uHTerpanuu Ha calT: kKHonku 'llogenutbcsa” u "HpaButca',
BCTpauBaHHWEe KOHTEHTA COLMaJbHbIX ceTell W wucnoab3oBaHue APl IlogTBepxgeHa ux
aKTyaJIbHOCTb, TaK KaK CI1I0COObI MO3BOJISAIIOT N0J1b30BATE/SAM AEJUTHCS KOHTEHTOM, I10/1y4aTh
JlaHHbIe 0 KOHTEHTe JPYyTrux MoJib30BaTeJield U BCTPAuBaTh MOCThI U3 COLlMAIbHBIX CeTel Ha
canTbl. TakuM 06pa3oM, UHTerpaLus COlaJbHbBIX CETeN MOXET YBEJUYUTh TPadUK Ha CaUT,
YJAYYUIATh BOBJIEUEHHOCTb M0JIb30BaTeJ/eH, MOBbICUTh Y3HABAEMOCTb KOHTEHTA.

BbIBOABI

WEB-uHTerpanus siBJaseTcs akTyaJbHOU Y NI0JI€3HOU [1J1s1 COBpeMEHHOT0 OU3Heca, TaK KakK
MI03BOJISIET OCYILeCTBJATh 06'be/juHeHHe pa3indHbix WEB-ipuioxkeHUN U cuCTeM, C LieJIblo
yJlydllleHUs yIpaBJieHUs JaHHbIMU U NpolLieccaMi. Pa3inuHble TUIIbl MHTETrPalU MO3BOJIAIOT
OCYILECTBJSATb BbIOOpP HauwJydliero u 3¢pdeKTUBHeHIIero crnocoba B3aMMOAEHCTBUS B
3aBHCUMOCTU OT mnoTpebHocTeld 6GusHeca. WEB-uHTerpauus spisercs (GyHAaMeHTOM H
NpeJNoChIIKON JJisl ONTHUMHU3AlMU U aBTOMAaTU3aLUK GU3HEC-TIPOLIECCOB.
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BC%D0%B5%D0%BD%D0%B8%D1%82%D0%B5%20YOUR_URL%20%D0%BD%D0%B0%20
%D0%B0%D0%B4%D1%80%D0%B5%D1%81%20%D0%B2%D0%B0%D1%88%D0%B5%D0%B3
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Apbic6aeB ApceH
Kazakcmahn-Hemic ynusepcumemi, Aamamel, Kazakcmax
(E-mail: arsen.arysbaev@bk.ru)

Web uHTerpanmscsel

Angatna. Makanaga WEB uHTerpauuaceIHbIH, Herisri acnekTiiepi, TypJepi MeH Taciizgepi, oylapAblH
TEXHUKAJIbIK, JKoHe OM3HEeC TYPFbIChIHAH ApPTHIKIIBUIBIKTAPbl KapacThipbliraH. Kasipri yakeirta WEB-
uHTerpauus MmeH WEB-cepBucTepiH e3eKTisiri MeH peJii, COHZjali-aK, 0/1ap/iblH, YCbIHATBIH epeKIIeTiKTepi
TypaJibl Macesie GeJiceHi KeTepinyae. 3epTTeyae UHTerpalMsIHbIH, €Ki Herisri Typi »KyieseHreH. brusHec
TypfbicbiHaH WEB HWHTerpayusaceIiHblH, OH, HOTHXKeJlepi MeH apThIKIIBLIBIKTapbl HeETi3/ie/IreH >XoHe
Tisimgenren. Web_integration yuriH Ko/iiaHbUIAaTBIH 6acThbl ToCUIAEp: Npe3eHTalys JIeHreHiHeri,
GYHKUMOHANABIBIK JieHrel/ieri, JepekTep JAeHTeliHJeri >koHe KellleHJli HHTerpanus TalJaHajbl.
JKorapbiia atanraHn WEB uMHTerpauysichblHbIH, 9pKaWChICBIHBIH, 9JIeyeTi MeH axyasjaphbl, COHAAN-aK,
OJIApAbIH, SPTYPJIi CUTyalusiap/ia YChIHAThIH MYMKIHJIIKTepi cunaTTaafaH. Be6-uHTerpalusHblH, Heri3ri
TYpJIEpPiHE Ta/ay >KoHe CaJbICThIpyJap >Kacasiblll, dJIEYMETTIK KeJJiepAi HWHTerpauusiiay HeTisiHze
MbICaJ/llap KeJITipiireH. ATan auTKaH/Za, 9/1eyMeTTIK kKeJlijiepAi calTKa MHTerpayusaay ayAuTOpUsSHbI
KeHENTY/le, )KeHIJIAeTy e KoHe NaijjaJlaHylIbIMEH 63apa 9peKeTTeCy MaKCaTblHJa WHTerpalusHbl
KOJIZIAHYABIH eH TUIM/i 9/iicTepiHiH 6ipi 601bIN Tabbl1a/bl. CAUTKA 9/1€yMeTTiK MeiuaHbl 6ipiKTipy/IiH
KeJieci MbIcasAapbl KApacThIpbLIaAbl: NaiAalaHylIbIapFa 6acka KOJAaHYIIbLIAPAbIH CYpaKTapblHa
»kayan Oepy, COHJaM-aK aKmapaT ajJMacyfa MYMKiHJiK Gepy yuIiiH 6eJiicy »koHe YHATy TyhMeJsiepiH
KOCy; 9JIeyMeTTiK MeZijua Ma3MyHbIH eHAipy. Bys apekeTTep ajieyMeTTik Me/jua xa36ajapblH CAUTKA
TikeJsiel eHAipyre MyMKiH/iK 6epe/i *koHe nmaijananyuibl Aepektepine APl apKbLibl Kou xkeTKizineni.

JLH. 'ymusnee amvindarsl Eypasus yaimmoik yHusepcumeminiy XABAPIBICHI. N21(146)/ 2024 241
TexHUKA/IbIK FbIALIMOAP HCIHE MEXHOA02USNAD CEPUSIChI
ISSN: 2616-7263. elSSN: 2663-1261



Apbicbaes ApceH

Makasia/ia 3epTTey HaTHXKeJiepi MeH web-HHTerpalusiHbIH 63€KTiJIiri MEH OHBIH Ka3ipri asiem/eri peuti
TypaJibl KOPbITBIH/bLIAP KeJTIipiJreH.

Tyiin ce3pep: unterpanusa, WEB uHTerpauusicel, UHTerpanus Typi, apThIKIIbLIbIKTapbl, WEB
KbI3METi.

Arsen Arysbayev
Kazakh-German University, Almaty, Kazakhstan
(E-mail: arsen.arysbaev@bk.ru)

Web-integration

Abstract. This article discusses the key aspects of WEB integration, its types and approaches, as well
as their advantages from a technical and business point of view. The question of the relevance and role
of WEB integration and WEB services in modern times, as well as their advantages. Two main types
of integration are analyzed. The positive aspects and advantages of WEB integration from a business
perspective are substantiated and listed. The main approaches that are used for WEB-integration are
analyzed: integration at the presentation level, integration at the functionality level, integration at the
data level and integrated integration. The situations and applications of each of the above types of WEB
integration are described, as well as the possibilities they provide for various situations. The analysis and
comparison of the main types of WEB integration is carried out and examples based on the integration
of social networks are given, namely, the integration of social networks on the site, which is one of the
most effective ways of integration in order to expand audience coverage, simplify and interact with
the user. The following examples of integrating social networks into a website are considered: adding
“Share” and “Like” buttons to enable users to respond to and share other users’ content; the embedding
of social media content, which makes it possible to embed posts from social networks directly on the
site; using the API to obtain user data. The results of the research and conclusions on the relevance of
WEB integration and its role in the modern world are presented.

Keywords: integration, WEB integration, type of integration, advantages, WEB service.
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